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Chemistry and Geology 


> Groxrocy is defined as the science which treats of the history of the earth 


and its life. It gathers its information from the atmosphere, the hydrosphere, 
the earth’s surface and the earth’s interior. 


The techniques of chemistry have been widely applied to the problems of 
geology. A new science has developed called geochemistry. Geochemistry 
has been defined as the science that seeks to determine the composition of the 


earth and to discover the laws which control the distribution of the individual 
elements. 


The ordinary wet methods of chemical analysis have been long a standard 
technique for the examination of rocks and ores. Spectrographic analysis has 
been widely accepted as an important tool for geology. Newer techniques 
have included fluorescent X-ray spectrography, mass spectrometry, radiochem- 
ical methods, polarography and chromatography. 


Using these techniques the geologist has learned more about how rocks and 
minerals have been deposited in the earth. He has been able to learn more 
about the petroleum and natural gas deposits of the earth. The movement of 
water underneath the surface of the earth has been followed more closely. 
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STUDY 


This article reports on the progress being made in the 
Chemical Education Material Study or the CHEM Study. 
This study is concerned with the high school chemistry 
curriculum. This investigation is supported by the 
National Science Foundation as is the Chemical Bond 
Approach Project at Earlham College. The CBAC work 
has been reported in the February 1960 and the 
September 1960 issues of CHEMISTRY. 


> This is A report describing pro 
gress as it is being made in a high 
school chemistry curriculum study, — 
the Chemical Education Material 
Study or, briefly, the CHEM Study. 
Perhaps it would be appropriate to 
give some of the background which 
led to this project and a brief review 
of its history, as well as a discussion 
of our objectives and plans for the 
future. 


The project is an outgrowth of a 
study committee set up in 1959 by 
the American Chemical Society under 
the chairmanship of Professor A. B. 
Garrett of Ohio State University to 
examine the purposes and content of 
high school chemistry courses with 
the view to the production of a dras 
tically improved course. Following the 
receipt of the recommendations of 
this committee and also as the result 
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of the apparent need for a_ broad 
study in this area, a proposal from 
the University of California at Berke 
ley to undertake such a study was 
submitted to the National Science 
Foundation. In recognition of the 
need and importance of such an un 
dertaking the proposal was supported, 
and it was immediately decided that, 
in addition to the University of Cali 
fornia at Berkeley, the Study should 
have a second center at Harvey Mudd 
College at Claremont, California. 


This study, then, is a further part 
of the series which includes the Phys 
ical Science Study, the School Mathe 
matics Study, the Biological Sciences 
Curriculum Study, the Teaching Re 
sources Development in Geology 
Study, and the Chemical Bond Ap 
proach Project. It is felt that it will 
be supplemental to and not in any 








sense competitive with the CBA pro- 
ject, and liaison has been set up from 
the very beginning. 


Steering Committee 

A Steering Committee, composed 
of leading educators interested in the 
teaching of chemistry and representa- 
tives from industry and government, 
was immediately organized with the 
gratifying result that acceptances were 
from essentially all those 
asked to serve. The membership of 
the Steering Committee is given be- 
low. The first meeting of the Com 
mittee was held on January 9, 1960, 
in Berkeley, Califernia and the ob- 
jectives and an approximate time 
schedule were outlined. The impor- 
tant decision was made to attempt the 
production of a high school chemistry 
text and accompanying laboratory ex 
periments in time for trial use in a 
few high schools during the academic 
year 1960-1961. This was admittedly 
an almost impossibly short time scale, 
but we feel that it was worth attempt- 
ing in order to save a year in attain- 
ment of the ultimate objective. Events 
to date have shown that this gamble 
has proved successful. Further meet- 
ings of the Steering Committee were 
held during the spring and summer 
in order to guide the Study as it de- 
veloped along the paths outlined. 


received 


The general objectives of the Study 
will be to develop new teaching ma- 
terials for the high school chemistry 
course, including a textbook, labora- 
tory experiments, and a_ laboratory 
manual, films, and supp!ementary 
reading materials. The more specific 
objectives will be to diminish the cur 
rent separation between scientists and 
teachers in the understanding of sci- 
ence, to stimulate and prepare those 


high school students whose purpose 
it is to continue the study of chemis- 
try in college as a profession, to en- 
courage teachers to undertake further 
study of chemistry courses that are 
geared to keep pace with adv: ancing 
scientific frontiers, and thereby im- 
prove their teaching methods, and to 
further in those students who will not 
continue the study of chemistry after 
high school an understanding of the 
importance of science in current and 
future human activities. 

It was decided from the very be 
ginning to have the high school chem 
istry course strongly based in experi 
ment and to have the text thoroughly 
dependent upon and integrated into 
the laboratory experiments, with the 
supplemental use of integrated films 
wherever they might be helpful. An 
other basic tenet was to make the 
course applicable to the general stu 
dent who takes high school chemistry 
rather than to the gifted or upper 
part of the typical high school class. 
It was proposed that the talented stu 
dent be helped through the prepara- 
tion of supplemental material for use 
in the text, perhaps as fine print and, 
more particularly, through the pro- 
duction of a series of special mono 


graphs. 


Textbook 


The rough draft of a text and the 
accompanying laboratory experiments 
will be used in twenty-four high 
schools during the academic year 
1960-61. Teachers from these schools 
attended a four-week session at Clare 
mont during the month of August in 
order to become acquainted with 
these materials. There will be weekly 
meetings of the teachers in the San 
Francisco and Los Angeles areas with 
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staff members of the CHEM Study 
in order to monitor progress, obtain 
information for revising the material, 
and continue to help each teacher to 
familiarize himself with the material. 

Great emphasis is placed on the ex- 
perimental nature of chemistry. Not 
only does this provide a basic under- 
standing of science upon which suc- 
ceeding courses can be built, it also 
gives a clear view of the way in which 
science advances. It leaves the non 
scientist impressed, perhaps, but not 
mystified. It gives him respect for 
technological developments, but not 
dread or fear. 

The course is begun with a novel 
and carefully ordered series of experi- 
ments which immediately engages the 
student in the basic activities of sci 
ence. Then he is presented the atomic 
theory of matter as a working hypo 
thesis — “a theory to be used but also 
to be thought about and criticized.” 
The macroscopic chemical behavior 
of matter is explored and discussed in 
terms of the atomic theory, gradually 
and deliberately building up a sub 
stantial basis for belief in the atomic 
theory. 

The periodic table is presented as 
the most important correlation in 
chemistry. The essential features of 
chemical change are emphasized as 
the heart of the course content: mass 
relationships, energy effects, time be- 
havior and equilibrium in chemical 
reactions. Finally, a substantial 
amount of descriptive chemistry is 
surveyed in the light of the principles 
already developed. 


* * * 
Titles of Chapters in Text 
1. Chemistry: An Experimental 
Science 
2. Introduction to Atomic Theory 
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3. Atoms Combined in Substances 


4. Chemical Reactions and Phase 
Changes 

5. The Gas Phase: Kinetic Theory 

6. Substances and Solutions 

7. Chemistry and the Periodic Table 

8. Geochemistry: The Earth as a 
Source of Material 

9. A General View of Chemical 
Reactions 

10. Energy Effects in Chemical 
Reactions 

ll. The Rates of Chemical Reactions 

12. Equilibrium in Chemical Reactions 

13. Ionic Solutions and Reactions 

14. Acids and Bases 

15. Oxidation-Reduction 

16. Chemical Calculations 


17. Believing in Atoms 

18. Periodicity of Chemical Properties 
and Electronic Structure 

19. Molecules and Their Structures 

20. Structure in Solids and Liquids 

21. The Chemistry of Carbon 

22. The Halogens 

23. The Transition Elements 

24. The Third Row of the Periodic 
Table 

25. The Second Column of the 
Periodic Table 


* * * 


Chapters 2 and 17 are given to 
illustrate the style as well as the 
approach. 


INTRODUCTION TO 
ATOMIC THEORY 


All of you have heard of chemical 
elements, atoms and molecules. Per- 
haps you have even learned some 
chemical formulas or have read about 
the structure of atoms. How are these 
related to the experiments you studi- 
ed in Chapter 1? What have atoms to 
do with the way substances behave? 
W'iy do chemists believe in atoms? 
I: this and later chapters you will 
learn why — it is because the atomic 
theorv of matter helps us understand 
the facts we learn through laboratory 
experiments. You will learn through 


Ww 








your study of chemistry in each of its 
several activities. You will study the 
way the material of the earth behaves, 
organize the facts of this behavior, 
and seek reasoned and iogical explan- 
ations of the regularities you find. 
One of the most important explana- 
tion in chemistry is the atomic theory. 
You will use this theory over and over 
in explanations of chemical facts. 
Every time you do, you will see more 
clearly why chemists believe in atoms. 


Imagination and Chemistry 


Stop reading for a moment and 
look at the paper rather than the 
printed words. The paper appears to 
be uniform in texture and to be all 
of one piece. Yet if you look at the 
paper through an optical microscope 
at a magnification of 100 diameters, 
you may see that it consists of tiny 
fibers matted together. If you now 
look at the paper again with the 
naked eye, you are able to visualize 
the microscopic structure of it. As 
chemists, we shall go one step further. 
After identifying the fibers as those 
of a substance, cellulose, we shall de- 
velop a submicroscopic view. We 
shall seek (and find) likenesses con- 
necting the chemical systems which 
we study with a model system made 
up of very tiny particles called atoms. 
Thus we consider that the paper fi- 
bers are built up atoms, some called 
hydrogen atoms, some called carbon 
atoms, some called oxygen atoms. 
These atoms are bound together in 
definite, regular ways to form the ma 
terial we see, cellulose fibers. This 
is an act of imagination, for we can- 
not see directly the atoms, nor their 
arrangement. But we shall see that 
this is a profitable act. There is a 
strong connection between the chemi 


cal world we sense and this model 
world we imagine. The atomic model 
provides a “good” explanation of 
chemical behavior. 

How large are these minute par- 
ticles called atoms? Experiments pro- 
vide an answer—experiments we will 
consider later. About 100,000,000 of 
them, placed side by side, would ex 
tend about one inch in length. That 
does require imagination! Don’t let 
that frighten you. You are already 
used to acts of imagination no less 
marvelous. Consider gases. Each of us 
uses his imagination when he thinks 
of gases. Looking at a candle burning, 
we see the flame, we see the wick, 
and we see the candle as it disappears. 
But we do not see the gaseous oxygen 
that is used up nor the gaseous car 
bon dioxide and water vapor (gas) 
that are formed. The particles of these 
gases are too small to be seen with 
an optical microscope or an electron 
microscope. Yet we are convinced that 
water zs formed because we can col 
lect gas from the flame and condense 
liquid water from it. Because of other 
experiments we are convinced that 
oxygen actually 7s used up and that 
carbon dioxide is formed. We have no 
difficulty thinking about these gases, 
though it requires imagination. 

All persons do some imagining. 
You, as a chemist, should do some 
thing more. You should test your im 
agining by seeking whether it agrees 
with or conflicts with the observed 
facts. The trick is to imagine as well 
as to observe and then to compare 
the imagined situation with the ac 
tual facts. 


The Atomic Theory 
Each person must do his own think 
ing and his own imagining. Yet, 
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chemistry is not a private science, 
ditlerent for each person. Through 
the years many chemists have pub 
lished experimental facts they have 
discovered and the ideas they have 
formulated to explain the facts. The 
ideas are usually expressed verbal 
statements (but sometimes in the 
form of mathematical statements). 
Such statements we call theories. 
Some theories are proposed on the 
basis of only a little experimental evi- 
dence and develop slowly over many 
years. Not all theories are adopted by 
all other chemists but many theories 
are widely accepted and they remain 
in use until better ones are proposed. 

Usually the theories which fit the facts 
best or which apply to the largest 
number of cases are retained, but 
even these theories are likely to be 
revised from time to time. 

Atomic theory furnishes good ex 
amples. Chemists today interpret all 
chemical behavior in terms of atoms 
and of the electrons and nuclei which 
make up the atoms. Atoms may seem 
real to you because you have heard 
the word “atom” so often. Atoms 
seem real to chemists because chem 
ists have seen so much experimental 
evidence best explained by the atomic 
theory. Both you and the professional 
chemists, however, feel more certain 
that atoms exist than about the de 
tails of the structure of atoms, and 
feel surer about some details than 
about others. By the time you have 
finished this course you will have 
studied much of the evidence for our 
current views about atoms. In the 
meantime, you should look upon the 
atomic theory as a theory to be used 
but also as one to be thought about 
and criticized. In this way you learn 
how useful it is to us and, at the 
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same time, you learn its limitations. 
Every theory should be judged on 
these qualities, usefulness and limita 


tions. Learn to evaluate them. 


Elements and the Atomic Theory 


In the years 1802 to 1804, John 
Dalton, an English chemist and phys 
icist, proposed that the chemical ele 
ments consist of tiny particles which 
cannot be divided or created. These 
particles he called atoms. He propos 
ed further that the atoms of each 
element are alike and that they differ 
from the atoms of every other ele 
ment. Dalton based his theory on the 
behavior of only a few of the ele 
ments so that his original list of 
atoms and their weights was rather 
short. 


Dalton’s time 
elements have been discovered; now 
more than one hundred are known. 
Yet we still believe that elements 
consist of atoms and that the atoms 
of each element are alike certain 
important respects. True, new evi- 


Since many more 


dence has forced us to abandon some 

Dalton’s views (he thought all at- 
oms of a given element have exactly 
the same weight, but experiment 
shows this is false) but we still make 
his atomic postulate. This is 
the way a theory grows. The theory 
leads us to try new experiments. The 
new experiments furnish new facts. 
On the basis of these new facts we 
retain the theory or modify it as nec 
essary. 


use of 


Scientific Models 

When a physical scientist uses the 
term “model” he often means an ac 
tual object constructed of wood, cork, 
styrofoam, or metal, 


model 


for example, 
a water molecule. Such a 





model helps us visualize a water mol- 
ecule even though we know the ac- 
tual atoms are not made of wood, 
cork, and so on, are not “solid,” and 
do not have sharply determined sur- 
faces. 

Sometimes models are pictures, line 
drawings, or formulas (H—O—H) 
just as a house may be represented 
by a set of “floor plans” and “eleva- 
tions.” Often scientists use the term 
model to mean a statement or series 
of statements. When these statements 
are in words, we often try to visual- 
ize them by thinking of them in terms 
of things we can see and _ handle. 
Sometimes scientists use mathematical 
statements rather than verbal state- 
ments. Such statements are still more 
abstract and difficult to visualize, but 
mathematical models are often need- 
ed. For example, a rubber model of 
an atom cannot really represent the 
electrons which “fill” most of an 
atom; two rubber balls colliding can- 
not show exactly what happens when 
two atoms collide with each other. 
We shall use many kinds of models 
in this course. They will help you to 
visualize many chemical happenings 
but you should not think that the 
models themselves completely describe 
atoms and molecules. 


An Atomic Model — 
The Nuclear Atom 


Since atoms are too small to be 
seen, we develop our ideas about 
their nature and their structures form 
the results of experiments in which 
we measure the effects they produce 
under different circumstances. The 
experiments permit us to make a 
number of statements (including 
mathematical statements) about at- 





oms. In this way we build up an 
atomic model step by step and with 
varying degrees of certainty. 


Since the elements have definite 
properties, we assume that all the 
atoms of an element must be alike in 
their characteristics which lead to 
these properties. The atoms of differ- 
ent elements must differ. Are they 
so unlike that we must set up a dif- 
ferent kind of atomic model for each 
element? The answer is no. We find 
that we can use the same kind of 
model for all atoms. 


We can obtain electrons from all 
kinds of atoms. As you know, an 
electron is a tiny particle carrying an 
electric charge which is the same for 
every electron. This charge is arbi- 
trarily called “negative” to distinguish 
it from another kind of electric charge 
we arbitrarily call “positive.” We 
know no smaller charge than the 
charge of the electron and all larger 
negative charges are integral multi- 
ples of the electron charge. That is, 
the larger negative charges are 1 or 
2 or 3, and so on, times larger than 
the electron charge. Therefore we des- 
ignate the charge of the electron as 
one unit of charge, and we call it 
1— to indicate that it is negative. 


Since mass is associated with all 
matter, it is natural to assume that 
the atoms (that form the material) 
also have mass. And since each sam- 
ple of matter occupies a certain vol- 
ume we can also assume that each 
atom in this sample occupies a region 
of space which we call the volume 
of the atom. Experiments on atoms 
show that each atom does have a 
measurable mass but that almost all 
the mass of the atom is concentrated 
in a region much smaller than the 
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volume of the atom. This region we 
call the nucleus of the atom. 


Experiments also show that the 
nucleus carries an electric charge of 
the kind we have called positive. The 
element hydrogen has the lightest 
atoms, and the nuclei of these atoms 
have the smallest charge. In fact, the 
positive charge of the hydrogen nu- 
cleus, called the proton, exactly 
counteracts the effect of the electron 
charge. The electron and the proton 
together produce an electrically neu- 
tral system — one with no charge. 
Hence, we designate the proton 
charge as 1+. All other positively- 
charged particles have charges equal 
to an integral multiple of the proton 
charge — for example, 1+, 2+, 3+, 
and so on. The nuclei of all atoms 
have such positive charges. 

In general, matter is electrically 
neutral. The atoms themselves have 
electrically-charged parts — (a) a nu- 
cleus having a positive charge, 1+, 
2+, or 3+, and so on, and (b) one, 
two or three, and so on, electrons 
each having a negative charge of 1—. 
A neutral atom has enough electrons 
around its nucleus to exactly balance 
the positive charge of the nucleus. 
This is our general model of the 
atom — a “nucleus” surrounded by 
electrons. The experiments which 
have led to this model are discussed 
in Chapter 17. 


BELIEVING IN ATOMS 


In Chapter 2 you were introduced 


to atoms. You were told that the atom 
contains charged particles, that it has 
a nucleus made up of neutrons and 
protons, and that the nucleus is sur 
rounded by electrons. The atom is 
incredibly small but the nucleus is 
even smaller. Then you were told 
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that the atomic theory, as with every 
other theory, should be thought about 
and criticized. It is one thing to ask 
“Do we believe in atoms?” and quite 
another to ask “Why do we believe 
in atoms?” In this chapter, we shall 
try to answer this last, harder ques- 
tion. 


Let’s begin with an unpretentious 
example which shows how we make 
such decisions in day to day life. 

A new tenant is told by his neigh- 
bor that the garbage collector comes 
every Thursday, early in the morn- 
ing. Later, in answer to a question 
from his wife about the same matter, 
the tenant says “I have been told 
there is a garbage collector and that 
he comes early Thursday morning. 
We shall see if this is true.”” The ten- 
ant, a scientist, has accepted the state- 
ment of the neighbor (who has had 
opportunity to make observations on 
the subject). However, he accepts it 
tentatively until he, himself knows the 
evidence for the conclusion. 

After a few weeks, the new tenant 
has made a number of observations 
consistent with the existence of a 
Thursday garbage collector. Most im- 
portant, the garbage does disappear 
every Thursday morning. Second, he 
receives a bill from the city once a 
month for municipal services. And 
there are several supplementary ob- 
servations that are consistent — often 
he is awakened at 5:00 A.M. on 
Thursdays by a loud banging and 
sounds of a truck. Occasionally the 
banging is accompanied by gay 
whistling, sometimes by a dog’s bark. 

The tenant now has many reasons 
to believe in the theory of garbage 
collectors. Yet he has never seen a 
garbage collector! As a curious man, 








he might set his alarm one Thursday 
morning to ring at 5:00 A.M. Look- 
ing out the window, he sees, first, 
that it is surprisingly dark out and 
difficult to see. Nevertheless, he dis- 
cerns a shadowy form pass by, a form 
that looks like a man carrying a large 
object. 

Seeing is believing! But which of 
these pieces of evidence really con- 
stitutes “seeing” the garbage collec- 
tor? Which piece of evidence is the 
basis for “believing” there is a gar- 
bage collector? The answer is, that 
all of the evidence taken together, 
constitute “seeing.” And all ot the 
evidence taken together, furnish the 
basis for acceptance of the “garbage 
collector theory of garbage disappear- 
ance.” The direct vision of a shadowy 
form at 5:00 A.M. would not consti 
tute “seeing a garbage collector” if 
the garbage didn’t disappear at that 
time. (It might have been the paper 
boy or the milkman.) Neither would 
the garbage disappearance alone con 
sist of “seeing” the garbage collector. 
(Perhaps a dog comes by every Thurs 
day and eats the garbage. Remember, 
a dog-bark was heard!) No, we are 
convinced there is a garbage collector 
because the assumption is consistent 
with so many observations, and it is 
inconsistent with none. Other possible 
explanations ft the observations less 
ably (the tenant had never heard a 
dog whistle gaily). The garbage col 
lector theory passes the test of a good 
theory —- it is useful in explaining a 
large number of experimental obser- 
vations. This was true even before 
the tenant set eyes on the shadowy 
form at 3:00 A.M. 


Yet we must agree, there are ad- 
vantages to the “direct vision” type 


of experiment. Often more detailed 
information can be obtained this way. 
Is the garbage collector tall? Does he 
have a moustache? Could the garbage 
collector be a woman? This type of 
information is less easily obtained 
from other methods of observation. 
It is worthwhile setting the alarm, 
even after we have become convinced 
there is a garbage collector. 

At the beginning of this course, 
you were a new tenant. You were 
told chemists believe in atoms and 
that you should accept this proposal 
tentatively until you, yourself, know 
the evidence for it. Since that time, 
we have used the atomic theory con- 
tinuously in our discussions of chemi- 
cal phenomena. The atomic theory 
passes the test of a good theory it is 
useful in explaining a large number 
of experimental observations. We 
have become convinced 
atoms. 


there are 


Now we are going to review the 
types of evidence which form the 
basis for belief in the atomic theory. 
We shall place emphasis on those ex- 
periments which are closest, in con 
cept, to the “direct vision” type. These 
are particularly convincing and they 
provide detailed information which 
is less readily obtained in other ways. 


Chemical Evidence for the 
Existence of Atoms 

Let us begin by looking again at 
the evidence we already have for the 
existence of atoms — the evidence 
from chemistry. Early in this course 
we found that each chemical com- 
pound has a fixed and definite com- 
position. Whenever and wherever 
water is decomposed into its elements, 
eight grams of oxygen for every gram 
of hydrogen is always the result. All 
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attempts to synthesize water with dit 
ferent composition fail; the composi 
tion of the water from any mixture of 
hydrogen and oxygen under any con- 
ditions is always the same. 


The atomic theory provides an ex- 
planation for the definite composi 
tion of chemical compounds. It says 
that compounds are composed of 
molecules, and every molecule of a 
given compound must contain the 
same number of atoms of each of its 
elements. Since the atoms of each 
element have a characteristic weight, 
the weight composition of a com 
pound is always the same. (This state 
ment is true if the naturally occurring 
distribution of isotopes is not disturb 
ed.) 


In some cases, two elements 
brought together under different con 
ditions can form two or more differ 
ent compounds. In addition to water, 
hydrogen and oxygen can form a com 
pound called hy drogen peroxide 
(H.O.) in which the weight of hy 
drogen is 14g the weight of oxygen 
in the compound. This weight ratio 
in water is 1g, exactly twice as large. 
What a simple relationship! The 
weight ratio is one to sixteen in one 
compound hydrogen and oxygen 
and one to eight in another. Such 
simple numerical relationships are al- 
ways found among different com 
pounds of any pairs of elements. It is 
explained very clearly within the at 
omic theory. Each molecule of hydro 
gen peroxide contains two atoms of 
hydrogen and two atoms of oxygen. 
The ratio of the number of hydrogen 
atoms to oxygen atoms is 2/2 = l. 
In contrast, a molecule of water con 
tains two atoms of hydrogen and only 
one atom of oxygen. The ratio of hy 
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drogen atoms to oxygen atoms 1s 
2/1 = 2. Since there are twice as 
many hydrogen atoms per oxygen 
atom in water as in hydrogen perox 
ide, of course the weight ratio of hy 
drogen to oxygen in water is twice 
that in hydrogen peroxide. 

In general, different compounds of 
the same two elements have different 
atomic ratios. Since these atomic ratios 
are alw ays ratios of integers, i to i, 
1 to 2, 2 to 1, 2 to 3, etc., the weight 
ratios will be simple multiples of each 
other. Thus the atomic theory explains 
the observation that different com 
pounds of the same two elements have 
relative compositions by weight which 


are simple multiples of each other. 


This success of the atomic theory 
is not surprising to an historian ot 
science. The atomic theory was first 
deducted from the laws of chemical 
composition. In 1806 John Dalton 
wondered why chemical compounds 
have definite composition. He pro 
posed that perhaps each element con 
sists of discrete particles, and each 
compound is composed of molecules 
which can be formed only by a unique 
combination of these particles. Sud 
denly many facts of chemistry became 
understandable 
posal. The continued success of the 


in terms of this pro 


atomic theory in correlating a multi 
tude of new observations accounts tor 
the fact that the atomic theory has 
survived. Today, many other types ot 
evidence can be cited to support the 
atomic postulate but the laws of 
chemical composition still provide the 
cornerstone for our belief in this 


theory of the structure of matter. 


Chemical Evidence for the 
Electrical Nature of Atoms 
You have heard that the atomic 








nucleus bears a positive charge and is 
surrounded by a number of negative- 
ly charged particles called electrons. 
Also, the nucleus is supposed to con- 
tain most of the mass of the atom. 
It is made of protons and neutrons, 
each of which has nearly two thous 
and times the mass of the electron. 
How do we know that atoms are built 
this way? How do we know that 
there is such a particle as an electron? 
Again, weight relations associated 
with chemical reactions provide key 
evidence. 

In Chapter 15 we discussed the op- 
eration of a battery. We successfully 
interpreted the chemical changes 
brought about by the movement of 
electrical charge in terms of the atom- 
ic theory. To understand the full im- 
pact of these experiments on the de- 
velopment of the atomic theory, we 
must turn back the scientific clock to 
the views held in the 19th century. 
When Michael Faraday first perform- 
ed his electrolysis experiments (in the 
early 1830's), the atomic theory had 
been proposed, but no one had yet 
suggested the existence of electrons. 
There was no reason to suspect that 
electricity consisted of discrete par- 
ticles. Faraday observed that the quan- 
tity of electricity necessary to deposit 
a given weight of an element from 
solutions of its different compounds 
was always equal to a constant, or 
some simple multiple of this constant. 
For example, the amount of electrical 
current which will deposit 3.75 g of 
metallic mercury from a solution of 
mercuric perchlorate, Hg(ClO4)s, 
will deposit the same number of 
grams of mercury from a solution of 
mercuric nitrate, Hg( NO; )». On the 


other hand, this same amount of elec- 
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tricity will deposit exactly twice as 
much mercury, 2°(3.75) 7.50 g, 
from a solution of mercurous per 
chlorate, Hgo (ClO, )o. If we restate 
Faraday’s experimental finding in 
terms of the atomic theory, we see 
that the number of atoms of mercury 
deposited by a certain quantity of 
electricity is a constant or a simple 
multiple of this constant. Apparently 
this certain quantity of electricity can 
“count” atoms. A simple interpreta 
tion is that there are “packages” of 
electricity. In an electrolysis, these 
“packages” are parcelled out, one to 
an atom, or two to an atom, or three. 

The second of Faraday’s results was 
that the weights of different elements 
which were deposited by the same 
amount of electricity were found to 
be in simple ratios of the atomic 
weights of these elements. Within the 
atomic theory, this statement means 
again that a certain amount of elec- 
tricity will deposit a fixed number of 
atoms, or some simple multiple of 
this number, whatever the element. 
Again we find that an atom can carry 
only a fixed quantity of charge, or 
some simple multiple of this quantity. 
Therefore, electrical charge comes in 
packages. An atom can carry one 
package, two packages, possibly three 
packages of charge, but not 1.5872 
packages. Whatever the package of 
charge is, it is the same for all atoms. 
The realization that electrical charge 
comes in packages led to the proposal 
that electricity must be composed of 
particles. Since atoms carry electrical 
charges, atoms must contain these 
particles. 

* * * 


Lab Manual 


One of the important teatures of 
the CHEM Study course is its em 
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phasis on experiments carried out by 
students. When one tries to teach 
ideas which are not firmly based on 
experiments, the students usually have 
great difficulties, but as long as one 
sticks to experiments and discusses 
them in detail, students can learn. It 
is our opinion, that almost any topic, 
even though it may appear a bit so 
phisticated in terms of current prac 
tice, may be presented to high school 
students if it is introduced by an ap 
propriate experiment. 

The students go into the laboratory 
on the first day and are asked to ob- 
serve a burning candle. The student 
writes as many observations as he can 
in ten minutes, after which the teach 
er points out the difference between 
experimental observations, and the as 
sumptions or interpretations made by 
the student. For example, if the stu 
dent states that there is a pool of li- 
quid wax at the bottom of the flame, 
it is pointed out that this is merely 
one interpretation of his observation 
and he is asked to go into the labora 
tory to get some direct evidence con 
cerning the nature of this liquid. This 
leads to melting point as a criterion 
tor identifying a solid, to considera 
tions of change of state, plotting a 
cooling curve, the reason for the flat 
portion of the curve, and calculation 
of the heat of fusion. 


On succeeding days, the student 
makes observations relating to the 
chemical reactions involved in the 
burning candle and then measures the 
heat of combustion. During the first 
few weeks, the students have aver 
aged 3 periods per week in the lab 
and their initial reaction to this em- 
phasis has been favorable. 


Many of the experiments are quan- 
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titative and involve a triple beam bal 
ance with a precision of + 0.01 g. 
Here again the initial experience has 
been quite favorable and justifies our 
assumption that a teenager who can 
tinker successfully with a model air 
plane, or knit a pair of argyle sox is 
no more handicapped by “too many 
thumbs” at age 16-17 than he or she 
may be as a college freshman a year 
or two later. 

In order to help the students de 
velop good habits of keeping records 
of experiments, each is provided with 
a specially designed notebook contain 
ing two colors of squared paper. A 
carbon copy is submitted to the in 
structor and eventually to the CHEM 
Study staff for use in making evalua 
tion of the experiments for future re 
visions. At first, models of well or 
ganized tables for data and calcula 
tions are provided but gradually more 
and more is expected of the student 
by way of organization. 

Techniques are demonstrated and 
safety precautions stressed at the point 
where they are first needed in an ex 
periment — not in a big dose at the 
beginning of the year. 

In general, the maxim, experiments 
first — discussion later, is followed 
throughout the course. For example, 
early in the year the student discov- 
ers the value of the term “mole,” and 
the necessity of conserving both atoms 
and charge in balancing an equation 
by doing a simple quantitative experi 
ment involving the reaction of a cop- 
per wire with a solution of silver ni 
trate. From the number of moles of 
copper dissolved and moles of silver 
deposited he can then balance the 
equation and insert the proper posi 
tive charges on the ions. 








It is hoped that this experimental 
approach — which is the way chem 
ists actually operate — will continue 
to be as popular with other trial teach- 
ers as it has been with our present 
group, and that it will eventually re- 
sult in the return of the two-period 
laboratory session in many high 
schools. 


List of Experiments 
For the First Semester 


Introduction: Observation and Descrip- 
tion Experiment 
1. Melting Points 
2. Chemical Reactions of a Burning 
Candle 
3. Heat Effects 
1. The Reaction of Solid Copper With 
a Solution of Silver Nitrate 
fa. The Empirical Formula of Silver 
Chloride 
5. Construction of Some Molecular 
Models 
6. Mass Relations in a Chemical Re- 
action 
7. Determination of the Formula of a 
Hydrate 
8. Comparing the Weights of Gases 
9. A Comparison of the Boiling Points 
of a Pure Liquid and a Solution 
10. Some Aspects of Solubility 
. Quantitative Determination of Sol- 
ubility and Construction of a Solu- 
bility Curve 


12. Reaction Between Ions in Solution 
13. The Density of Hydrogen 

14. A Study of Reactions 

15. Heats of Reaction 

16. Study of Reaction Rates 


17. Chemical Equilibrium 

18. A Study of Indicators 

19. Cells (to accompany a demonstra- 
tion ) 

20. Ionic Reactions 

21. Quantitative Titration 


Experiment 10 is given to illus- 
trate the style and approach used. 


] ’ 


SOME ASPECTS OF 
SOLUBILITY 
Introduction: Differences in solubility 
serve as clues to the structure of sub 
stances. They provide a way of iden 
tifying substances, and often make 
possible the separation and _purifica 
tion of substances. Such differences 
therefore deserve our careful atten 
tion. Although it is impossible to ob 
serve all the phenomena associated 
with solubility in the limited time 
available, we can direct our attention 
to a few examples from which it is 
possible to make some useful general- 

izations. 


Procedure: 
Part I: 


Accurate measurements of volume 
are unnecessary in this experiment. 
Observe the approximate volume of 
2 ml and of 3 ml in a small test tube. 
You may want to set a small test tube 
to one side with these volumes indi 
cated until you get used to the amount 
involved. 


Liquid-liquid Miscibility 


a. Place four small test tubes in a 
test tube rack. Place 2 ml of water in 
the first, 2 ml of methanol, formula 
CH:,OH, in the second, 2 ml of ben 
zene, formula CgHg, in the third and 
2 ml of carbon tetrachloride, formula 
CCl,, in the fourth. Add 1 ml of 
water to each tube. Mix and record 
your observations. 


b. Clean the test tubes and pre 
pare a second set of four as above but 
this time add 1 ml of methanol to 
each. 


c. Repeat using | mi of benzene. 
d. Repeat again using | ml of car 


bon tetrachloride. 
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Part II: Solubility of Solids 
in Various Liquids 

In this experiment you will be con 
cerned with the general extent of solu 
bility and not with quantitative meas 
urements. It is important to realize 
that even when a solid is apparently 
insoluble, there are always some mole- 
cules (or ions) that have gone into 
solution. We will consider a sub- 
stance to have negligible solubility it 
so little dissolves that it is not appar 
ent from visual observation. 


Since you are to test the solubility 
ot several substances in each of the 
solvents, it will be best to mark one 
tube for use with each solvent. This 
tube may then be rinsed with a little 
of the solvent after use but will not 
need to be dried as it would if dit 
terent solvents were being used in it. 

Place four small test tubes in a rack 
and add 3 ml of water to the first, of 
methanol to the second, benzene to 
the third, and carbon tetrachloride to 
the fourth. Add a small portion of one 
of the solids from one of the groups 
listed below to each of these. As a 
small portion you may estimate a vol 
ume of about ', ml except in the case 
of iodine. Of iodine use only a tiny 
crystal about the size of a pencil lead 
(1 mm long). 


Rinse the tube and repeat the above 
with the other four solids in the same 
group below. 


Record observations on an appro 
priate chart. 


Use the iodine last of the five and 
save these solutions for Part III. 


Group | 
copper sulfate 
cane sugar 
marble chips 
stearic acid 
iodine 


Group 2 
potassium chloride 
paradichlorobenzene 
sodium chromate 
sulfur 
iodine 


January 196] 


Group 3 Group 4 
magnesium sulfate sodium bicarbonate 
charcoal lead sulfate 
naphthalene benzoic acid 
piece of candle lard or butter 
iodine iodine 


Part III: 

Using Differential Solubility 

to Effect a Separation 

To the test tube con 
taining water and iodine, add 10 
more ml of water or if this tube has 
not been saved prepare a mixture of 
about 12 ml water and a little iodine. 
Shake thoroughly. Decant 3 ml of the 
water into another test tube. Decant 
another 3 ml into a second tube and 
a final 3 ml into a third tube. (Leave 
the undissolved portions in the orig 
inal tube.) To the first of these add 
1 ml methanol, to the second | ml 
benzene and to the third | ml carbon 
tetrachloride. Shake each. 


Procedure: 


Pour ' ml of the methanol-iodine 
solution into each of 2 test tubes. 
Dilute this with 5 ml water. Add 2-3 
ml of benzene to one and 2-3 ml car- 
bon tetrachloride to the other. Shake 
well. 


Organizing the 
Information Collected 

1. Make a chart indicating the 
miscibility of the liquids in Part I. 

2. Did you observe anything about 
the density of these liquids while do 
ing the experiment? Explain. 

3. Would the proportion of the 
two liquids make any difference in 
their solubilities? Suggest further in 
vestigations to throw light on this 
observation. 


4. Examine the chart you have 
made for Part I and compare the re 
sults from the group of solids you 
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used with the results others have ob 
tained for the other groups. What 
generalizations may be made? 


5. Suggest a method by which you 
could investigate the solubility of 
these substances in a quantitative way. 


6. Explain the problems involved 
in attempting to remove all of the 
iodine from a water-alcohol solution 
of iodine by using benzene or carbon 
tetrachloride. 


Suggest a specific example to 
illustrate how differences in solubility 
might be used 


a. as a clue to the structure of a 
substance 

b. to provide a way of identifying 
a substance 

c. to provide a way of separating a 
mixture of two substances. 


Nore: It is important to realize 
that in this experiment we have con- 
sidered only some aspects of solubil- 
ity. The interactions between the sol- 
vent and solute vary from simple to 
extremely complex and must be taken 
into account for a more complete un- 
derstanding. 


* * * 


Future Plans 

The initial task of the CHEM 
Study — producing materials for trial 
in a small number of secondary 
schools and the 1500 students now us- 
ing the materials are providing a 
broad test of the first text and of the 
laboratory experiments. But already 
the queries arise — when will these 
materials, if they are successful, be 
widely available to all who wish to 
use them? The current best estimate 
is the fall of 1963. 


Weekly meetings of the teachers 
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currently using the materials are now 
providing the staff with suggestions 
for revisions, deletions, and amplitica 
tions. In fact, four of the staff are 
actually teaching the course in two 
of the high schools in order to get 
even more direct experience with 
problems as they arise. Revisions are 
underway based on these direct ob 
servations, the reports of the teachers, 
and the written laboratory reports of 
the students. A unified testing pro 
gram will attempt to measure the de 
gree to which student response is 
meeting the goals of the program. 

Textual revisions will be further 
studied, and an intensive rewrite un- 
dertaken, during the summer of 1961 
at the University of California at 
Berkeley under the editorship of 
George Pimentel. Similarly the lab- 
oratory experiments will be revised 
under the editorship of Lloyd Malm 
at Harvey Mudd College. 


Summer Institutes 

There will be two Summer Insti- 
tutes in 1961; one at Cornell Univer- 
sity, and one at Harvey Mudd Col- 
lege, where approximately an addi- 
tional one hundred secondary school 
teachers will become acquainted with 
these revised materials. Announce 
ments concerning the Institutes will 
be included in the National Science 
Foundation brochure to be distribut 
ed in January, 1961. 


Most of the teachers will come from 
nine geographical areas which will 
serve as the main trial centers during 
1961-62. Teachers within each geo- 
graphical area will again meet weekly 
with a local staff member of the study 
to provide as close a contact as possi- 
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ble with student reaction to the course 
through 1961-62. The nine geograph 
ical areas will be New York City, 
Philadelphia, Northern Florida, Cen- 
tral Indiana, Chicago, Minneapolis, 
Seattle, San Francisco, and Los An 
geles. In addition, a certain number 
of “solo” teachers in single high 
schools will be scattered across the 
country. These teachers will be try 
ing the materials without participat 
ing in the weekly meetings character 
istic of the centers. 

A third rewriting of the material 
will be undertaken during 1961-62 
with particular emphasis on produc 
ing, by the end of the summer of 
1962, a final version for printing in 
regular book form, rather than in 
photo-offset as used with the earlier 
versions. This book version should be 
available to all interested high schools 
in the fall of 1963. 

Additional Summer Institutes will 
be held in 1962 and 1963, to obtain 
further reaction from teachers and to 
allow a final trial of the semi-finished 
materials before they are generally 
distributed. Our rough estimate would 
indicate that about 500 to 1000 teach- 
ers will have had an opportunity to 
look over the materials during a Sum 
mer Institute before the fall of 1963. 
We do not feel that such preliminary 
perusal is mandatory for successful 
use of the course, but our own slight 
experience, as well as that of curricu 
lum revision groups active in other 
helds, would indicate such summer 
work constitutes a definite advantage. 


Additional Volumes 

Three further types of volumes are 
also contemplated by the fall of 1963: 
(1) a teachers’ guide to accompany 


January 196] 


both the text and laboratory manual, 
(2) a set of classroom experiments to 
emphasize the experimental nature of 
the science and to amplify the labor 
atory work, and (3) a set of mono 
graphs designed for the abler students 
or the teachers with special interests, 
to allow thorough exploration of lim- 
ited fields closely related to, but not 
covered by, the basic text. 


Films — both motion pictures and 
filmstrips — and other aids to teach 
ing also will be available to constitute 
a closely integrated means of further 
enhancing classroom contact with the 
wide scope of chemistry. 

The intent of the CHEM Study 1S 
to produce as effective materials as 
possible for a first course in chemistry. 
These materials will be designed to 
be assimilable by any student who 
would normally elect chemistry at this 
level. We recognize that perhaps halt 
of these students will have no further 
formal contact with science, whereas 
many of the rest will go on to college 
courses and even to professional ca 
reers in chemistry. Thus, the course 
must serve as an honest presentation 
of contemporary chemistry for those 
whose interests lie in this direction, 
and at the same time, provide a broad 
educational base for those whose only 
contact with a physical science will 
be found here. 

The Staff, located at Harvey Mudd 
College in Claremont, consists of: the 
Director of the CHEM Study, J. Ar 
thur Campbell; Assistant Director and 
Editor of the Laboratory Manual, 
Lloyd E. Malm; Film Producer, Dav 
id W. Ridgway; and Staff Consultant, 
Joseph E. Davis. The Staff at the 
University of California at Berkeley 
consists of: Assistant Director and 


15 

























































































Editor of the text, George C. Pimen- 
tel; Staff Contributor, A. L. McLel 
lan: and Staff Consultant, Margaret 
Nicholson. 


* * * 
Steering Committee 

Dr. Glenn T. Seaborg, University of 
California, Berkeley. 

Dr. J. A. Campbell, Harvey Mudd 
College, Claremont. 

Dr. Bryce Crawford, Jr., 
of Minnesota. 

Mr. Warren Everote, Encyclopaedia 
Britannica Films, Wilmette, Il. 

Dean Henry Eyring, University of 
Utah. 

Mr. W. H. Freeman, W. H. Freeman 
and Company, San Francisco. 

Mr. Rolland Gladieux, Kenmore High 
School, Buffalo, N. Y. 

Mr. Cleveland Lane, John Sutherland 
Productions, Inc., New York, N. Y. 

Regent Donald H. McLaughlin of 
the University of California, San Fran- 
CISCO, 

Dr. Carl G. Nieman, California In- 
stitute of Technology. 

Dr. J. Cecil Parker, 
California, Berkeley. 

Dr. Charles C. Price, University of 
Pennsylvania. 

Dean Kenneth S. Pitzer, University of 
California, Berkeley. 

Mr. Robert Rice, Berkeley High 
School, Berkeley. 

Mr. Robert Silber, American Chem- 
ical Society, Washington. 

Dr. Grant Vest, Coordinating Council 


University 


University of 





of Higher Education in Utah. 
Dr. Roy L. Whistler, Purdue Univer- 
sity. 


Contributors 


Contributors, in addition to the 
staff, who wrote the text book and 
laboratory manual during the six- 
week session from June 18 to July 30, 
are listed below: 

Robert F. Campbell, Miramonte HLS., 

Orinda, Calif. 

Saul L. Geffner, Forest Hills H.S., For- 
est Hills, New York 
Theodore A. Geissman, University of 

California, Los Angeles, Calif. 
Melvin Greenstadt, Fairfax H.S., 

Angeles, Calif. 

Edward L. Haenisch, Wabash College, 

Crawfordsville, Indiana 
C. Robert Hurley, Sacramento 

College, Sacramento, Calif. 
Keith MacNab, Sir Francis Drake HLS., 

San Anselmo, Calif. 

Bruce H. Mahan, University of Cali- 
fornia, Berkeley, Calif. 


Los 


State 


Margaret Nicholson, Acalanes Union 
H.S., Lafayette, Calif. 
Clyde E. Parrish, Cubberley Senior 


H.S., Palo Alto, Calif. 
Robert W. Parry, University of Michi- 
gan, Ann Arbor, Mich. 
Michell J. Sienko, Cornell 
Ithaca, N. Y. 

Robert Silber, American Chemical So- 
ciety, Washington, D.C. 

Luke E. Steiner, Oberlin College, Ober- 
lin, Ohio 

Robert L. Tellefsen, Napa H.S., Napa, 
Calif. 


University, 


Number of Science Doctorates Increasing 


> Tu 
awarded in the United States during 


the year 1959 reached an all-time high 
of more than 5,300. 


NUMBER of doctor's degrees 


The average age ol these new doc- 
torate holders was 31! years when 
they received their degree. The aver 
age period from the bachelor’s degree 
to the doctorate was 8.1 years. Chem 
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istry doctorates were highest, with 
1,062 doctorates awarded during 1958 
and 1959, it was found in a study by 
the National Academy of Sciences 

National Research Council and_ re 
ported by the National Science Foun- 
dation. The report is “The 
1958 and 

Characteristics 


Science 
1959, Their 


and 


Doctorates of 
Numbers, 
ployment.” 
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Apparatus Article 

















Chromatography Laboratory 


> A MULTIPLE strip desktop chroma 
tography laboratory capable of run 
ning up to six different solvent sys 


tems simultaneously is now available 


from Microchemical Specialties Com 
pany, Berkeley, California. 
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Developed by Dr. Harold T. Gor 
don of the University of California, 
this compact chromatography labora 
tory produces |-dimensional ascending 
or descending paper strip chromato 
grams within | to 2 hours. It is con 







































venient for both single and multiple 
experiments. 

The Gordon-Misco apparatus is de- 
signed specifically for ease of opera- 
tion. It consists of six glass tubes 15 
inches long and 2 inches in diameter 
with separate sets of glass cups for 
ascending and descending chromato- 
graphy. Cups can be cleaned and sol- 
vents changed in a few seconds. 

Construction throughout is_air- 
tight, solvent-proof glass and_poly- 
ethylene. 

The tubes use ', | or 11% inch 
wide paper strips. Each tube is a 
completely isolated operation to pre- 









vent solvent contamination. Minimum 
solvent volumes are required (nor- 
mally 5 ml), yet the high ratio of sol- 
vent to air space results in constant 
Rf values. 


Easily assembled and disassembled, 
the Gordon-Misco unit can be set up 
for use in a few minutes. It requires 
only 1134 x 514 inches of desk space 
and fits into a small laboratory draw- 
er when disassembled. 


Price of the Gordon-Misco labora- 
tory is $125. For additional informa- 
tion, please write to Microchemical 
Specialties Company, 1825 Eastshore 
Highway, Berkeley 10, California. 


Polluted Waters a “Disgrace” 


> Tue nation’s polluted waters are 
“a disgrace,’ Surgeon General Leroy 
E. Burney told delegates at the first 
National Conference on Water Pollu- 
tion. 


Dangerous pollutants cited by Dr. 
Burney include sewage, chemicals 
that kill microbes but may be toxic 
to humans or fish, ionizing radiations, 
lead from agricultural sprays and auto 
exhausts. 


The Federal Government has been 
concerned about dirty water since 
1913, Dr. Burney said. Today its main 
research center, The Robert A. Taft 
Sanitary Engineering Center in Cin- 
cinnati, Ohio, has teams of experts 
working on freeing water supplies 
from viruses and bacteria, detergents, 
insecticides and radioactive contamin- 
ants. 

They also have developed a_ pilot 
sewage treatment procedure suitable 
for housing subdivisions beyond reach 
of city sewer systems. 
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The Public Health Service, Dr. 
Burney said, has 75 stations where in- 
terstate waters are sampled. PHS also 
keeps tabs on how many facilities are 
dirtying the water, how many are 
cleaning it up and how much it is 
costing the taxpayer. 

When pollution in one state en- 
dangers another, the Surgeon General 
and the Secretary of Health, Educa- 
tion and Welfare can take action to 
abate pollution. Thirteen enforcement 
actions have been taken, and only one 
case, in St. Joseph, Mo., has required 
Federal court action. 

In calling for cooperation, Dr. Bur- 
ney said, “the most fundamental re- 
sponsibility of all rests at the source 
— with the municipalities and indus- 
tries concerned. Clearly too, the states 
must continue to be keystones of our 
pollution control efforts. Historically, 
legislatively and logically the strength 
of the state agency is a major deter- 
minant of success in pollution abate- 
ment.” 
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Science Institute Endorsed 


THE CREATION of an international 
institute of science and technology in 
western Europe, proposed by Rep. 
Victor L. Anfuso (D-N.Y.), was en 
dorsed unanimously by the North At 
lantic Treaty Organization’s Parlia 
mentarian Conference recently con 
cluded in Paris. 


The institute will provide free 
training and research opportunities 
for students from the North Atlantic 
countries and the underdeveloped na 
tions of the world for peaceful ex 
ploration of outer space, oceanogra 
phy, meteorology, communications 
and other areas of scientific discipline. 


“Its establishment is mandatory up 
on the free world,” he said, “especial 
ly now that the Soviets are offering 
a free education plus living and travel 
expenses to students all over the world 
to attend their so-called Friendship 
University. 

This offer is protoundly appealing, 
particularly to the youth in the under 
developed areas of the world, and is 


extremely effective in promoting the 
Communist way of life.” 


The international institute under 
NATO will promote western ideals 

liberty and democracy by offering 
training in an atmosphere of free 
dom. 


“It also will help dispel the idea 
that NATO is strictly a military al 
liance,” he said, “and will promote 
world peace.” 


War may be eliminated “by the 
eventual creation of a world of abun 
dance,” he said. “This pooling of re 
sources for peaceful purposes may 


help create such a world.” 


Rep. Antuso, a member of the 
i. & Congressional delegation to the 
NATO Conference, headed by Vice 
President-elect Lyndon B. Johnson, 
credited Sen. Henry Jackson (D 
Wash.) with originally suggesting 
such an institute. Sen. Jackson is a 
former chairman of the NATO Sei 
ence and Technology Committee. 


On the Back Cover 


> THe Back Cover shows the largest rectangular aluminum ingot ever made. 
It has been cast by the Reynolds Metals Company's sheet and plate plant for 


use in the company’s program to build the 


{luminaut the aluminum re- 


search submarine designed to explore the ocean's depths three miles down. 


Inspecting the 31,750 pound ingot, measuring 
Larson, McCook plant manager, (left), 
The ingot will be 
drical rings which when joined together w nll form the submarine’s 


house superintendent. 


long hull. 


26 X 72 X 180 inches are John 
and V. M. (Max) Gray, plant cast 
forged into the first of several cylin 
48-foot 


Aluminum 1s believed to be the only practical material strong 


enough to resist the external pressures at super-depths. A similar-sized steel 
hull would be too heavy to return to the surface. 
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‘Proudly FP veoen ted 


Announcing new developments in the chemical 
industry and newly available chemical literature. 


New Synthetic Rubber 

For Auto Tires 

> THE DEVELOPMENT of a new type of 
rubber for tires and other applications, 
from raw materials in plentiful sup- 
ply, was revealed by Lyle O. Amberg, 
Hercules Powder Company chemist, 
to a session of the 138th meeting of 
the American Chemical Society in 
New York City. 

Emphasizing that the new Hercules 
EPR (ethylene-propylene rubber) was 
still in a laboratory stage, Mr. Am- 
berg stated that considerable research 
showed the new rubber appeared to 
meet or exceed many of the important 
properties of SBR, natural rubber, 
butyl, and other large-volume com- 
mercial elastomers. 

Interesting features of EPR listed 
by the Hercules chemist included: 

Outstanding ozone and weathering 

resistance; 

excellent wear resistance; 

projected commercial price in the 

general-purpose range. 

“The laboratory work indicates that 
EPR passenger tire treads should be 
resistant to wear and groove-crack- 
ing,” the Hercules chemist said. “Side- 
walls should be ozone-proof; white 
sidewalls should have excellent color 
and resistance to discoloration.” 

Other potential applications for 
Hercules EPR included: mechanical 
goods, power and conveyor belting, 
wire coating, household items, drug 
sundries, shoe soles and heels. 


The new rubber is an outgrowth of 


() 


Hercules’ pioneering research work in 
Ziegler polyolefin chemistry, which 
previously led to the first commercial 
production in the United States of 
polypropylene plastic by Hercules. 
Hercules also was one of the early 
producers of high-density polyethyl- 
ene. 

Raw materials for the new rubber 
are propylene and ethylene, which are 
obtained from oil refinery operations 
and are in plentiful supply. 

Because of the unusual saturated 
character of EPR, another Hercules 
product, “Dicup” dicumyl peroxide is 
used in the curing system and ap- 
pears to yield vulcanizates with the 
best balance of properties. 

In the report, the first major one 
on this subject by an American com 
pany, the Hercules chemist pointed 
out that by varying the amount of 
ethylene and propylene, polymers can 
be made which range from soft but 
tery salves through typical elastomeric 
rubbers to tough semirigid products. 

Samples of the new rubber are in 
the hands of American rubber com 
panies, Mr. Amberg said. 

The report was a joint effort of 
Mr. Amberg and Dr. A. E. Robinson 
of Hercules Research Center, near 
Wilmington, Delaware. 


Lactonitrile Aids 

Hydrocarbon Separation 

> Lacronitrite, a bifunctional chemi 
cal that has potential as a selective 
solvent and as an intermediate, is now 
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available in development quantities 
from the petrochemicals department 
of American Cyanamid Company. 
\ selective solvent for olefinic hy- 
drocarbons, lactonitrile has unique sol 
vent characteristics that make it an 
interesting tool for the vapor-phase 
separation of hydrocarbon mixtures of 
narrow gery aa range. In the 
| hydrocarbon mixtures, 
for example, ea solvent properties of 
this chemical may be used to separ- 
ate unsaturated from saturated hy 
drocarbons and, more specifically, di- 


processing oO 


olefins from mono-olefins and _paraf- 
fhins. 


Because of its two functional 
groups, lactonitrile is a useful chemi 
cal for the preparations of a variety 
of products. A few interesting exam- 
ples are lactic acid, ethyl lactate, 5 
methylhydantion, 1l-cyanoethyl vinyl 
ether, a-sulf: 1topropionamide and @ 
anilinopropionitrile. 


Lactonitrile undergoes the reactions 
of an alcohol, which include ammon 
olysis, acylation, dehydration and re- 
actions with diazomethane. With fat- 
ty amines, it reacts to produce amino 
acids with unusual surface active 
properties. Good wetting power is a 
property of the material produced by 
hydrolyzing the reaction product from 
lactonitrile and dodecylamine. The 
corresponding hydrolysis product 
from the reaction of cocoamine with 
lactonitrile is suggested for use in de 
tergent formulations. 

Through its nitrile group, lacto- 
nitrile can enter into such reactions as 
hydrolysis, alcoholysis, reduction, es 
ierification reaction with Grignard re- 
agents and the Houben-Hoesch syn- 
thesis. Esterifications of lactonitrile 
with alcohols and acids produces ma 
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terials that have potential as plasticiz 
ing agents. 

Other commercial possibilities for 
this chemical include its use to pro- 
duce a filler for such nitrile-contain- 
ing plastics materials as acrylonitrile 
polymers and nitrile rubber. Small 
concentrations of lactonitrile have 
been reported to retard the oxidation 
of styrene appreciably. It has also been 
used as an organic cyanide brightner 
in the electrodeposition of nickel. 


Samples and technical information 
can be obtained from the petrochem- 
ical department, American Cyanamid 
Company, 30 Rockefeller Plaza, New 
York, 20, N. Y. 


New High Speed 

Tool Steel 

> Tue Crucible Steel Company of 
America has developed a new grade 
ot high speed steel designated Rex 49, 
designed to provide greatly increased 
tool life in machining hard-to-cut 
metals, according to an announcement 
by D. W. Kaufmann, Product Man 
ager of Tool Steels. 

Mr. Kaufmann declared, “This 
steel is undergoing exhaustive evalua 
tion in production use to confirm the 
preliminary laboratory and field tests. 
This new high speed steel promises 
to be the outstanding composition for 
tools designed to cut such materials 
as highly alloyed steels at high hard 
ness levels, stainless steels, super al 
loys and titanium. Rex 49, with a 
base price of $2.07 per pound, is out 
performing the more expensive high 
cobalt and high vanadium high speed 
steels. It is expected to eliminate the 
need for many of the more than 20 
special-purpose grades now in use. 


‘The steel can be heat treated 


Rockwell ‘C’ 67 to 69. In tests so far 
on many hard-to-machine metals, it 
has outperformed other high speed 
steels, increasing tool life 2 to 4+ times. 
In the cutting of more normal materi- 
als, its use permits increases in speed, 
feed or depth of cut.” 

Rex 49 is the latest in a long series 
of technical developments in high 
speed steels at Crucible, starting with 
AA, the original 18-4-1 high 
speed steel, in 1904. 


Rex 


Semi-Commercial 

Production of Fluorine- 
Containing Thermoplastic 

> Pennsact Chemicals Corporation 
has initiated semi-commercial produc- 
tion and marketing of KYNAR, its 
new vinylidene fluoride resin. Kynar, 
heretofore designated as RC-2525 Re- 
sin, is a totally new fluorine-contain- 
ing thermoplastic resin designed for 
long life and high performance in en- 
vironments which degrade less stable 
materials. First of an expected series 
of products from Pennsalt’s polymer 
research program, Kynar is now avail- 
able as molding powder and pelletiz- 
ed resin for end item development 
and _ use. 

Chemically, Kynar is a crystalline, 
high molecular weight polymer ot 
vinylidene fluoride, (CH.y-CFy )n, 
containing over 59% fluorine by 
weight. Its properties are strongly in- 
fluenced by the stability and inertness 
characteristic of highly fluorinated 
molecules. Data obtained from stand- 
ard laboratory and functional 
evaluations of fabricated parts show 
Kynar to be mechanically strong and 
tough, resistant to distortion and creep 
at low and high temperatures, highly 
resistant to the attack of corrosive 
chemicals, flame resistant, and to be 


tests 





stable under extreme conditions of 
weather and ultraviolet radiation. 

In addition to molding powder and 
pelletized resin, Pennsalt plans to in- 
troduce Kynar in the forms ef organ- 
osols and solutions in high boiling 
organic solvents. These forms will be 
field tested for several months before 
being offered commercially. With the 
advent of resin availability, Kynar 
will soon be supplied in the form of 
rod, tube, and sheet by a number of 
plastic fabricators. These standard 
shapes can be readily cut, machined, 
sealed, welded and formed into al- 
most any design without lowering the 
resin’s high level of mechanical 
strength and _ stability. Being truly 
thermoplastic, unused portions from 
die cut stock can be re-used for mold- 
ing and extrusion. 

Because of Kynar’s resistance to the 
attack and penetration of highly cor- 
rosive chemicals, it should find nu- 
merous packaging applications such 
as drum and container coatings; seal 
ed pouches for chemicals, lubricants 
and propellants; and sterile packages 
for food, pharmaceuticals, and medi- 
cal instruments. 

The combination of Kynar’s high 
mechanical strength, toughness, and 
stability to extreme environmental 
stresses provides a capability for high 
performance in applications ranging 
from equipment for drilling or min- 
ing below the earth’s crust to com- 
ponents used in space flight. 

Of primary interest to electrical 
equipment designers is the use of thin 
wall jackets for wire and cable where 
Kynar’s toughness, high surface re- 
sistivity, weatherability, and flame 
resistance are significant properties. 
In addition, thin wall tubing can be 
used as sleeving for wire and cable 
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terminals, and as protective coatings 
over various electrical components 
such as resistors. 

Product information, price sched- 
ules, samples and technical service on 
Kynar may be obtained by writing to 
Pennsalt Chemicals C ‘orporation, Re- 
search Products Development Depart- 
ment, P.O. Box 4388, Philadelphia 
18, Pa. 


New High Solids Vinyl 

For Spray Equipment 

> A new uicH build vinyl coating, 
Amercoat No. 99, has been developed 
for application with either conven- 
tional or airless spray equipment. The 
new coating is not a mastic, yet it 
overcomes the application disadvan- 
tages of most vinyls, which require 
multiple coats to achieve minimum 
protective thickness. As a result, sub- 
stantial savings are being obtained on 
material and labor required to pro- 
vide lasting protection against indus- 
trial, chemical, petroleum and marine 
corrosion. 

Amercoat No. 99 retains the super- 
ior chemical, weathering and physical 
properties of Amercoat No. 33, which 
has been widely used for corrosion 
control since 1943. 

When applied with airless spray 
equipment, only one cross sprayed 
coat of No. 99 is required to obtain a 
dry film thickness of more than 5 
mils. Using conventional spray equip- 
ment, only two coats are required to 
produce a ‘dry film thickness of 5 mils. 
Handling characteristics are excellent; 
the coating barely sags even with 
wet film thickness of 25 mils. 

Thoroughly proved through long 
and severe field tests, No. 99 is rec- 
ommended for use on tank exteriors, 
ships’ hulls and all types of structural 
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steel. It may be applied over organic 
primers; when teamed with one coat 
of an inorganic zinc silicate coating 
such as Dimetcote, it is unequalled by 
any other known coating system for 
purposes which it is intended. 

No. 99 dries to a hard and tough 
matte finish which adheres firmly and 
resists abrasion. Non-flammable, odor- 
less and non-toxic, it will not harbor 
bacteria or fungi. Descriptive Bulletin 
No. 99 may be obtained from Amer- 
coat Corporation, South Gate, Calli- 
fornia. 

Flame Retardants 

> Six new chemical compounds 
which may prove to be the first prac- 
tical and economical means of giving 
flame-retardance to a wide variety of 
plastics, synthetic fibers, rayon and 
wood products have been discovered 
by Monsanto Chemical Company. 

The new compounds, identified < 
organopolyphosphorus esters, are pa 
rived from a new general chemical re- 
action discovered recently by Dr. Gail 
H. Birum of Dayton, Ohio, a scien- 
tist in the chemical research depart- 
ment of Monsanto's Research and 
Engineering Division. He disclosed 
his finding at the American Chemical 
Society's 138th national meeting. 

Commercial introduction of the six 
new flame retardants obtained via the 
Birum reaction was announced at the 
same time by the company’s Organic 
Chemicals Division. They are being 
offered in evaluation quantities under 
the trademark “Phosgard.” 

\ cheap and efhicient means of im- 
parting flame retardance to such poly- 
mers as polystyrene, polyesters, phen- 
olics, acrylics, epoxies, polyurethanes 
and polyolefins has been a major tar 
get of chemical research in recent 



















































years, spurred by the rapidly expand 
ing use of these plastics in building 
and other structural applications. 

H. David Cummings of St. Louis, 
project manager of resin materials de- 
velopment for Monsanto's Organic 
Chemicals Division, estimates that 
close to 400 million pounds of these 
polymers annually find uses in which 
flame retardance would be a signifi- 
cant advantage if obtainable at low 
cost and without sacrifice of other 
properties. To date, no flame retard- 
ant additives have met these dual re- 
quirements, Cummings added. 


Molybdenum 


> A mera dissolved in streams in 
such small quantities it can scarcely 
be detected may lead prospectors to 
rich ore deposits. 

Using a new method devised by 
U. S. Geological Survey scientists, less 
than one part per billion of this metal, 
molybdenum, in water can be detect 
ed. Molybdenum, a silvery white ele 
ment similar to iron, is an important 
indicator of ore deposits because it is 
generally found with ores whose met 





The six “Phosgard” flame retard- 
ant compounds are the first of what 
may be “quite a number” of poten- 
tially useful new chemical composi- 
tions to derive eventually from the 
Birum reaction, according to Monsan- 
to. 

By permitting the combination of 
relatively simple, inexpensive and 
readily available chemical raw ma- 
terials in a heretofore unknown man- 
ner, the reaction is capable of yielding 
a broad class of new phosphorus, 
chlorine and/or bromine-containing 
end products. 


Gives Clue 


als are needed for industrial purposes. 

The metal is dissolved in water 
when streams flow through an area 
containing the ore deposits. 

Streams are tested for traces of 
molybdenum by taking a water sam- 
ple and passing it through a resin 
that traps the minute particles of 
metal. The resin is leached by an acid 
and, if the metal is present, the acid 
solution turns amber. 


Drugs Open Air Passages; Heart Vessels 


> A new series of chemicals that di 
late the air passages of the lungs and 
the blood vessels of the heart has been 
developed. 

The chemicals, some of which prob 
ably will be developed as_ prescrip 
tion drugs, are the 1, 3-dialkyl-6-thi 
oxanthines. They differ from a well 
known dilator drug, theophylline, in 
that a sulfur atom has been substi 
tuted for an oxygen atom in_ the 
chemical structure. 

Some of the new 6-thioxanthines 
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are 60 times as active as the corres 
ponding salts of the older drug, theo- 
phylline, in test-tube tests. In the liv 
ing animals, the effectiveness of the 
chemicals is reduced, but they are still 
potent enough to protect guinea pigs 
from the deadly effects of an aerosol 
spray that narrows the air passages. 

The research was reported in the 
British scientific journal Nature by 


Drs. A. K. Armitage and K. R. H. 


Wooldridge of May and Baker, Ltd., 


Dagenham, Essex. 
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> Recent valuable mineral discover- 
ies in Red China are due to the vast 
increase in the number of her train- 
ed scientists since the Communist re- 
gime came to power, Dr. Edward C. 
T. Chao of the U. S. Geological Sur- 
vey in Washington, D.C., said in New 
York City. 

Prior to 1950, before the Commu 
nists assumed control over China, only 
about 200 scientists were actively en- 
gaged in geological research. Now 
Red China boasts over 21,000 “geo- 
logical workers,” he reported at the 
127th annual meeting of the Ameri- 
can Association for the Advancement 
of Science. 

Among the many new and large 
mineral deposits discovered by this 
corps of Chinese geological workers 
is the molybdenum reserve, now rat- 
ed “number one in the world.” 


Molybdenum is one of the import 
ant hard, light, temperature-resistant 
metals particularly useful in the con- 
struction of airplanes and space ve 
hicles. 

“The Chinese geologists also have 
discovered very large iron and copper 
deposits that from reports would ap 
pear to compare with any of the 
world’s first rate deposits of these 
valuable metals, Dr. Chao told Sci 


ence Service. New deposits of boron, 


potash and chromium also have re 
sulted from surveys made by the “geo 
logical workers,” as well as import 
ant sources of radioactive minerals. 


The production of tungsten, tin and 
antimony, for which China has been 
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Mineral Discoveries in China 


world famous for nearly half a cen 
tury, also has shown a marked in 
crease under the Chinese Commu 
nists. In recent years, Communist 
China had been the foremost world 
producer of tungsten and antimony, 
world-significant export metals; and 
she is now the second ranking pro 
ducer of tin. 

This progress, Dr. Chao pointed 
out, is being made by a country whose 
geological research is still virtually in 
its infancy. 

He underscored the strong Russian 
influence that “permeates some areas 
of thinking in Chinese geology.” 
Many field and laboratory procedures 
are patterned after the Russians, Dr. 
Chao said. More than 400 Russian 
geologists and engineers have visited 
China and participated in field geo 
logic work or training program in 
China, in the past ten years. 

“The western geologist may do 
well to anticipate that, in the next 
generation, a vast amount of signifi- 
cant geologic information will be 
forthcoming in both the Chinese and 
Russian languages; information that 
covers in addition to some 8.5 million 
square miles of Russian territory, 
million miles of 


some 3.5 square 


China,” Dr. Chao said. “Their geo 
logic explorations are keyed to their 
long-range plans for industrialization 
and this tremendous boost in scien 
tific achievements will add tremen 
dously to the wealth and industrial 
power and development of Commu 
nist China.” 





Chemical Companies 


Union Carbide 


This is the fifth of a series of eight articles to be pre- 
sented in CHEMISTRY this year. Many of the students 
now preparing for a career in chemistry will eventually 
join one or other of the large corporations and this 
series, featuring eight of the major companies employ- 
ing chemists in the United States, is intended as a pre- 
view into the type work that they will be doing. 


> Pernaps More than any other major 
American chemical company, Union 
Carbide Chemicals Company is a true 
“child of research.” The company 
was born of research, was nurtured 
by research, and has grown and pros- 
pered through research. Traditionally, 
the primary goal of Union Carbide 
Chemicals has been to develop new 
chemicals for markets — not just to 
produce established chemicals by es- 
tablished processes to compete with 
established producers in established 
markets. 

The story of Union Carbide Chem- 
icals Company started on November 
15, 1914, at the Mellon Institute in 
Pittsburgh. An “Illumination Fellow- 
ship” was founded by the Prest-O- 
Lite Company, later to become part 
of the Union Carbide family, to seek 
a way to produce acetylene from 
sources other than calcium carbide. 
Dr. George O. Curme, Jr. was charg- 
ed to carry out this investigation. On 
July 1, 1915, Union Carbide Company 
also, research-minded, established an 
“Organic Synthesis Fellowship” at 
Mellon Institute to seek new ways to 
utilize acetylene or calcium carbide. 
This research group included Dr. 
Harold Hibbert, Dr. H. A. Morton, 


26 


and Mr. H. J. Little. In 1917, when 
the two companies merged, the two 
programs were brought together. The 
scope of the quest broadened to con- 
sider not only acetylene, but other 
natural and petroleum gases as ver- 
satile sources of hydrocarbon 
materials. 


Taw 


By 1920, potential new products 
and production techniques had pour- 
ed out of the consolidated program 
by the dozens, yielding such commer- 
cially unheard-of chemicals as ethyl- 
ene oxide and isopropyl alcohol. An 
exciting new vista had opened up — 
synthetic aliphatic chemistry based 
on petroleum raw materials. This be- 
came the foundation of today’s vast 
petrochemicals industry. 


Petroleum, thanks to the work by 
Dr. Curme, was found to be a prime 
source for some very interesting and 
reactive raw materials: ethylene, pro- 
pylene, and butylene. He also found 
that these reactive raw materials could 
serve as a basis for the synthesis of 
an almost unlimited number of new 
and promising industrial chemicals. 


On the strength of these findings, 
Union Carbide Chemicals Company 
(then called Carbide and Carbon 
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> SEVEN BUILDINGs compose the Research Department area of Union Car- 
bide’s Technical Center at South Charleston. Most of the Research Depart- 
ment buildings were completed in 1949, and were the first buildings on the 
site. 


Chemicals Corporation) was formed 
in 1920. The company’s first produc 
tion facilities consisted of a small 
plant at Clendenin, West Virginia, 
that was stripping gasoline from na 
tural gas. 


From the very beginning of its 
corporate life, this new chemical com 
pany was a pioneer. Early work was 
largely experimental, attempting to 
take research results and adapt them 
to commercial production. Pyrolytic 
cracking and rectification techniques 


were developed first to convert the 
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rich supply of ethane and propane 
into the olefins, ethylene and propy 
lene. 

By 1933, the list of chemicals had 
increased to five-dozen distinct chem 
ical compounds. In recognition ot 
meritorious con 
the 
.” they were 
awarded Chemical and Metallurgical 
Engineering's “Chemical Achieve 
ment Award” in 1933 the first 
time that this award had been given 


to a company instead of an individual. 


the company’s 
tribution to the 
dustry and profession 
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and the determination of properties are an 


essential part of new product development and customer service at Union 
Carbide Chemicals Company's new Technical Service Laboratory located neai 
Tarrytown, New York, in Westchester County. 


For its efforts during World War II 
the company received two additional 
awards for chemical achievement for 
work on synthetic rubber and atomic 
energy. In the years after World War 
Il, rese: res yiek led many new prod 
ucts, and in 1953 Carbide was again 
the aaaieb of the “Chemical 
Achievement Award.” Today, Union 
Carbide’s product line includes over 
400 synthetic aliphatic chemicals, of 
which about 150 are produced in 
tank-car quantities. And over the 
years Union Carbide has been intro 
ducing new chemicals at an average 
rate of two a month. Almost as many 
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to the commer 

cial tank-car category each month. 
One of the earliest contributions of 

Union 


older ones graduate 


Carbide Chemicals Company 
Was a process to synthesize acetone 
from hydrocarbon raw materials. 
However, acetone produced by fer- 
mentation was subjected to undesir- 
able price and supply changes; and 
because of the important role that this 
product had in a captive use, Carbide 
decided to manufacture its own ace 
tone through a synthetic route. 
Carbide was the first to use by 
product furnace gas (essentially pure 
carbon monoxide) with hydrogen 
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(from steam) and catalysts to make 
synthetic methanol. This also yielded 
a product of higher purity and more 
stable price and supply than was pos 
sible for methanol derived from wood 
distillation. 


Synthetic ethanol is one of the most 
often noted early developments by 
Carbide. The reaction of ethylene 
with sulfuric acid and water was a 
laboratory experiment known 102 
years before Carbide came along to 
make the reaction industrially prac 
ticable. Others had tried and failed, 
but to Carbide scientists it was a logi 
cal use for the large quantities of 
ethylene that could be made at rel 
atively low cost by hydrocarbon crack 
ing. The company became a pioneer 
producer ol synthetic ethanol. 

Vinyl resin production was another 
early interest at the South Charleston 
plant. Among the most glamorous otf 
the company’s early discoveries, it 
started as a search for synthetic tung 
oil during the 1920's. The researchers 
tailed in their quest for a tung oil 
replacement but came up with vinyl 
chloride, which, when combined with 
vinyl acetate, started a whole new in 
dustry based on these types of poly 
mers. 


Back of this record of invention and 
innovation lies an unusually strict ad 
herence over the years to certain basic 
tenets. Carbide’s main distinction is 
that it has kept strictly within its pro 
cess orbit. The company has been 
primarily a developer and producer 
of raw materials and intermediates for 
industry. It uses its special combina 
tion of research, development, and en 
gineering skills to extend these chem 
ical frontiers. 


And Carbide has never skimped on 
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> A new Ucon fluid is being tested 
to determine its effect on various 
metals. This part of the Carbide pro 
gram is designed to provide the auto 
motive industry with a_ functional 
fluid satisfactory for central hydraulic 
systems for tomorrow's cars—a single 
fluid to actuate brakes, power steer- 
ing, power brakes, and automatic 
transmissions, and to lubricate differ 
entials. 


research. The company’s philosophy 
is to start with known raw materials 
and work toward an unknown end 
product. But its research is not limit 
ed to seeking entirely new concepts 
or products. A great portion of the 
company’s profits come from the 
wholly new products added from re 
search. The remainder comes from 
maintaining a strong position in un 
patentable helds (or in fields where 
patents have long since expired on 
basic processes) by combining research 
and technology to create processes and 
products that are better or more eco 
nomical. 






































































































































































Carbide supports Its rese: irch effort 
by maintaining several major research 
and development laboratories supple- 
mented by research at independent 
organizations and universities. One 
sign in evaluating the depth of this 
dedication to research can be found 
in the company’s research expendi 
tures which have been counted in mil 
lions of dollars for a number of years. 


Paramount in the company’s re- 
search program is the Technical Cen- 
ter at South Charleston, West Vir 
ginia. This group buildings is a 
self-contained science city conducting 
experimental and engineering activi 
ties for Union Carbide Chemicals 
Company, Union Carbide Olefins 
Company, and Union Carbide Plas- 
tics Company. The products that 
come into being at the Technical Cen- 
ter are produced at Carbide’s manu 
facturing plants throughout the Unit- 
ed States as well as abroad. 


There are more than a thousand 
scientists and engineers in the Tech- 
nical Center. They are supported by 
the most modern specialized equip- 
ment, including infra-red spectropho 
tometers, Mass spectrometers, chroma 
tographic analyzers, electron micro 
scopes, X-ray diffraction equipment, 
electronic computers, and an irradia- 
tion laboratory. 


Technical Service 

Another area of chemical industry 
research, essential in today’s highly 
competitive marketing, is that which 
is called, variously, technical service, 
customer service, applications — re- 
applied re 
search. Fulfilling this need is the new 
Technical Service Laboratory located 
at Tarrytown, New York. The lab 


search, end-use research, 
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vratory accommodates about 100 sci- 
entists along with supporting person- 
nel. It has facilities to solve scientific, 
formulation, 


production, and appli 
cations problems for Carbide custo- 
mers in scores of industries. 

The scientist in technical service has 
a key role in helping to translate basic 
science and technology into terms of 
useful consumer goods. His goal is to 
aid in expanding the uses of the com- 
pany ’s product line. But technical 
service iS, nevertheless, a creative en- 
deavor. It differs from basic research 
mainly in that the researcher has 
more clearly defined goal toward 
which he works, rather than the gen- 
eral search for “truth” regardless of 
commercial value. The basic research 
er seeks a fact; the applied researcher 
seeks a use for that fact. 

It is difficult, in a single article, to 
delve into all of the contributions of 
Carbide researchers. In all, the com 
pany is involved in the production of 
industrial chemicals (such as ethylene 
oxide, butanol, and acetic anhydride); 
a myriad of other chemicals called 
“new chemicals” and including inter 
mediates for pharmaceuticals, dye in 
termediates, stabilizers, and special 
plasticizers; agricultural chemicals in 
cluding Sevin insecticide; resins, in 
cluding over 23 basic types of vinyl 
resins as well as large quantities of 
polyethylene; and textile fibers (Dy 
nel) — a modacrylic staple fiber. 


Newer Products 


Among the newer products, born 
of research within the company, are 
Polyox water-soluble resins, homo- 
polymers of ethylene oxide that can 
be made molecular weights rang- 
ing from fifty thousand to several mil 
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lion. One form of this interesting new 
material, a water-soluble film, holds 
for the packaging of 
household specialties as well as for 
formulation into soaps, latex paints, 
cosmetics, and pharmaceuticals. 


great promise 


Another interesting development by 
the Carbide Research Department is 
the development of entirely new types 
of epoxy compounds. The key to this 
development was a research program 
culminating in a new way to make 
high-purity peracetic acid for use as 
a chemical intermediate. The per 
acetic acid is used to epoxidize unsat 
urated organics (place an oxygen 
carbons having a double 
bond) that are not readily mii 
to other epoxidation reactants. Eight 
epoxy compounds, from the several 
hundred synthesized in the laboratory 
to date, have been selected for com 
mercialization. 


across two 


For some time now Carbide has 
been interested rocket fuels. The 
Technical Center scientists are inves- 
tigating both liquid and solid propel- 
lents. Back of this interest is the fact 
that some of the most attractive pos- 
sibilities for rocket fuels are based on 
materials produced by Union Car- 
bide. 

Other research projects underway 
currently include the study of new 


Compounds 


> Tue First pure compounds of the 
man-made element californium, no. 
98, have been prepared by scientists 
at the Lawrence Radiation Laboratory 
of the University of California, Berk- 
eley, where this element was first 
made. 
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plasticizers, new brake fluid and anti 
freeze formulations, safe and more 
effective food additives, corrosion in 
hibitors, new pesticides, surface coat 
ings, monomers and polymers, and 
urethane foam intermediates. 


Though no one can predict specific 
developments to come in the future, 
the success stemming from the com 
bined efforts of basic and applied re 
search during the past decade give an 
idea of the improvements which 
spring from such efforts; crease-re 
sistant cottons, wash-and-wear fabrics, 
improved all-winter automotive anti 
freezes, heavy duty brake fluids, liq 
uid household detergents, textile soft 
eners, dry-bright floor waxes and fin 
ishes, home permanent wave lotions, 
aerosol packaging, polyether foam 
cushioning, water-thinned latex paints, 
and many others. 


People in the United States tend to 
assume that our store of raw materials 
will remain abundant forever. But as 
our popul: ation and standard of living 
continue to rise, a heavy drain is 
placed on our natural resources. The 
chemical industry expands these re 
sources by creating useful products 
from previously wasted, or unused, 
raw materials. This is possible only 
through progressive and continuing 
research. 


of Dinosaur’ 


Preparation and identification of 
the compounds was carried out by 
Drs. Burris B. Cunningham and 
James C. Wallmann. Three separate 
californium compounds — californi- 
um trichloride, californium oxychlor- 
ide and californium oxide — were 











prepared by treatment of the element 
with hydrochloric acid and steam at 
high temperatures. 

Dr. Glenn T. Seaborg, Nobel Prize- 
winning chancellor of the University 
of California at Berkeley, described 
the work in a distinguished lecturer's 
address at the winter meeting of the 
American Nuclear Society. 

Dr. Seaborg said the feat of carry- 
ing out identifiable chemical reactions 
with such minute quantities of ma- 


terials — samples weighing about a 
ten-millionth of a gram — was ac- 


complished as a result of the recent 
perfection, by Dr. Cunningham and 
his colleagues, of techniques for work 
ing on the “submicrogram” scale. 

Californium is one of the “dino 
saurs” of matter — an element that 
may have been present in the begin- 
nings of the earth but soon disappear 
ed through radioactive decay. The 
element was first fabricated with the 
use of the atom smashers by Univer- 
sity of California scientists. 

Dr. Seaborg also stated that a neu- 
tron irradiation program now in prog- 
ress at the Materials Testing Reactor 
at Arco, Idaho, will yield about a ten- 
millionth of a gram of einsteinum 
(element 99) early next year. This 
quantity, he said, might be enough 
to permit the isolation of einsteinum 
for the first time. 

Einsteinium is likely to be the only 
remaining transuranium element that 
can be isolated in visible amounts, be- 
cause of the increasingly short life- 
times of the heaviest synthetic ele- 
ments. Visible quantities of berkelium 
and californium (elements 97 and 98) 
were first isolated two years ago by 
Dr. Cunningham and Dr. Stanley G. 
Thompson at the Lawrence Radiation 
Laboratory. 


Although elements beyond the 

ssently k m 102 will loubted 
presently known 102 will undoubted- 
ly be discovered, Dr. Seaborg said, it 
should be possible to produce and de 
tect not more than an additional halt 
dozen or so. 


The best chance of success, he said, 
lies in the firing of heavy ions into 
targets of high atomic number. The 
small number of atoms of new ele- 
ments produced, coupled with their 
extremely rapid decay, will soon re 
quire development of new methods of 
identification. 

Dr. Seaborg predicted that the long 
est-lived isotope of element 104, for 
example, will have a half-life of only 
a few minutes or less. With element 
106, this will be reduced to but a few 
seconds or less, and no isotope of ele 
ment 108 is likely to have a half-life 
of more than a tenth of a second. 

Dr. Seaborg also described the cur 
rent research efforts of Dr. Albert 
Ghiorso and his co-workers to discov 
er element 103 in the heavy ion linear 
accelerator at the Lawrence Radiation 
Laboratory. 

The researchers are attempting to 
create an isotope of element 103 with 
atomic weight 259 by bombarding 
californium-252 with boron-1!1 nuclei. 
This particular isotope of element 103 
is expected to have a half-life in the 
range of a fraction of a second up to 
a minute or two. 

Methods of detection and separa- 
tion being used are similar to those 
used in the discovery of element 102 
in 1958. If this isotope of element 103 
can be produced, it can be identified 
through its decay product mendele- 


vium-255, which has a_ half-life of 


about 30 minutes. 
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New Chemical Patents 


To obtain copies of these new patents, order them by 
number from the Commissioner of Patents, Washing- 
ton 25, D. C. Enclose 25 cents in coin, money order 
or Patent Office Coupon (but not stamps) for each 


patent ordered. 


New Candle 

Drips With Color 

> Canpces made with tightly braided 
wicks burn so slowly that the melted 
wax is pulled up into the wick as fast 
as it melts. Consequently these candles 
do not drip. 

Mr. Walter Weglin has invented 
a candle that not only drips but it 
drips in color. He has been awarded 
patent No. 2,959,950 for this inven 
tion. His candle is constructed with a 
porous wick that does not absorb the 
wax as fast as it melts. His candle also 
is constructed with a_ plurality of 
horizontal colored rings so that the 
candle drips with color. 


Production of Sugar 

From Wood 

> Woop and other cellulosic materi 
als can be converted into sugars by 
hydrolysis in the presence of an acid. 
The common method has been with 
an aqueous solution of acid at tem 
peratures above the boiling point of 
water. 

Two Swiss chemists have devised 
a process for hydrolyzing these ma 
terials using an alcoholic solution of 
acid. Mr. Paul Schlapfer of Zurich 
and Mr. Henri Casimir Silberman 
have been awarded patent No. 2,959, 
500 for their invention. This method 
causes the lignin produced as a by 
product to be dissolved in the result 
ing solution while the older methods 
caused lignin to precipitate. 
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Fermentation Process 

For Beta-Carotene 

> Beta-Carorene is a precursor of 
Vitamin A. It occurs naturally in yel 
low vegetables such as the carrot. It 
is also synthesized by certain micro 
organisms. 

\ new process has been developed 
for preparing beta-carotene by the 
cultivation of a microorganism of the 
nutrient 
medium containing a terpenoid sub 


genus Choanephora in a 


stance and an ionone. This process 
was developed by Mr. James E. Zajic 
of Muscatine, Iowa. He has been 
awarded U. S. Patent No. 2,959,522 
for this discovery. 

The patent has been assigned to 
the Grain Processing Corporation of 
Muscatine, Iowa. 


Rust Preventive 

And Lubricant 

> A WATER-BASE rust preventive has 
been discovered that has excellent 
lubricant properties. The rust preven 
tive consists of water mixed with so 
dium and barium soaps of oxidized 
petrolatum, an alkyl phosphate and 
an oil. 

U.S. Patent No. 2,959,549 has been 
awarded to Mr. Michael J. Furey of 
Berkeley Heights, New Jersey for this 
discovery. He has assigned the patent 
to the Esso Research and Engineering 
Company of Delaware. 
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V Chemustry Quiz 


Directions: Mark the answer you think most nearly correct. 


Answers are on page 39. 


A. The atomic weight of an element 


is 

1. the actual weight of a single 
atom. 

2. the number of protons in the 
nucleus of the atom. 

3. the number of neutrons in the 


nucleus of the atom. 
4. the number of electrons in the 


atom. 
5. the relative weight of a single 
atom. 


B. The most prevalent metal in the 
earth’s crust is 
iron. 

2. silicon. 

3. calcium. 

4. aluminum. 
5. sodium. 
I 

l 

2 

3 


4. reaction of nitric acid with cop- 
per. 
5. liquefaction of air. 


D. A concentrated solution is a solu- 
tion that 

1. contains more solute than sol 
vent. 


2. is saturated. 

3. contains a high percentage of 
solute. 

4. has been cooled. 

5. contains equal amounts of sol 


ute and solvent. 


E. A strong electrolyte is a compound 
that when dissolved in water 
1. is 100 per cent ionized. 
2. requires a high voltage to con 
duct an electric current. 

3. can not be decomposed by elec 
trolysis. 

4. will not react with other com 
pounds. 


5. decomposes violently. 


U.S. Scientists Average $9,000 


C. Hydrogen is prepared by the 
. decomposition of helium. 
reaction of steam with coal. 
decomposition of carbon diox- 
ide with steam. 
> Tue averace U. S. scientist is a 


$9,000 a year man. 

Data for 1960 gathered by the Na- 
tional Science Foundation show that 
half of 110,000 scientists responding 
to a questionnaire earned more than 
$9,000 and half earned less. 

Comparable statistics for 1959 
showed, in addition to salary, $1,000 


34 


more, probably from consulting fees, 
royalties and other income. 

The median age of this full-time 
employed group was 38 years. The 
work reported was 38% in research, 
development and design, 27% in man- 
agement and administration, and 15% 
in teaching. 
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For the Home Lab 


Cosmetics 


by Burton L. 


> THe cosmetics industry is a fabu 
lous one; versatile and volatile. Per- 
haps no other industry is so depend- 
ent upon the whimsy of one segment 
of the population: the American 
women. And, if you know women 
(who does?), you will agree that 
they can be whimsical. Thousands of 
dollars are spent to develop a product 
which may be entirely rejected by the 
women; or, it may become exceeding 
ly popular. Thus fortunes can be 
made or lost overnight. 


Although there are “standard” for- 
mulas for the preparation of the com- 
mon cosmetics, e: ach manufacturer has 
his certain formula which 
may contain several added ingredients 
designed to impart a specific property 
to hie product. As you can imagine, 
these formulas are carefully guarded 
secrets. 


“secret” 


The common cosmetics are very 
easily made in the home laboratory. 
The ingredients are relatively inex- 
pensive although some of them may 
be somewhat difficult for you to ob 
tain. Stearic acid is a popular ingre 
dient for many cosmetics. The U.S.P. 
variety, consisting of a mixture of 
stearic and palmitic acids, is the type 
used. Commercially, is known as 
“triple-pressed” stearic acid. A chemi 
cal supply house should be able to 
furnish this and most of the other 
ingredients. 


Vanishing Cream 
First, 6 grams of stearic acid are 
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melted over a water bath. Place the 
material a glass evaporating dish 
or beaker, and immerse in a shallow 
container of hot water. Apply heat 
so that the water boils moderately. 
The stearic acid will melt to a clear 
colorless liquid at about 55 deg. C. 
In another container dissolve 0.2 gram 
of sodium hydroxide in 30 cc. of 
water. Add this solution to the melt 
ed stearic acid, small quantities, 
with continual stirring. Constant and 
thorough agitation is necessary to 
produce a smooth cream. Continue 
heating and stirring for a few min 
utes. Then remove from the water 
bath, add 4 cc. of glycerine and stir 
until the mixture is cold. This is a 
“typical” vanishing cream, unperfum 
ed of course. If you want to add per 
fume, add it with the glycerine. The 
type and quantity of perfume is mat 
ter of personal taste. This matter 
alone requires considerable research 
on the part of the manufacturer, be 
cause he realizes that often the par 
ticular odor of his product will de 
termine whether or not it will sell. 


Through the years, formulas have 
been improved. We now will pre 
pare a “deluxe” vanishing cream 
which contains many different prod 
ucts all designed to produce a smooth 
er cream with better lubricating prop 
erties. Mix together 6 grams of stearic 
acid with 3 grams of diglycol stearate 
and melt over a water bath. Dissolve 
0.5 cc. of triethanolamine in 38 cc. 
of water and add to the melted stearic 
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acid mixture with continual stirring. 
Remove from the flame and add 1 
ce. of glycerine and | cc. of isopropyl 
myristate. Stir until cold. Compare 
this cream with that prepared above. 
Which do you prefer? 


Cold Cream 

A simple cold cream can be made 
by melting together over a water bath 
3 grams of lanolin, 10 grams of white 
petrolatum (“Vaseline”), and 1 gram 
of parafin wax. Sur until the ingredi 
ents are well blended. In another 
container dissolve 1 gram of borax 
in 5 cc. of water. Add this to the 
molten mixture, stirring rapidly. Al 
low to cool. This forms a soft smooth 
cream. 

Modern cold creams are composed 
mainly of beeswax and paraffin oil. 
Warm on a water bath 30 cc. of par 
afin oil. Add to this 9 grams of white 
beeswax. Stir until the wax is entirely 
dissolved. In another container dis- 
solve 0.5 gram of borax in 10 cc. of 
warm rosewater. Add this to the 
melted wax, stirring until a smooth 
consistency is obtained. Allow to cool. 


For the “deluxe” variety, dissolve 
8 grams of beeswax in 25 cc. of warm 
parafhin oil, as above. In another con 
tainer dissolve 0.5 cc. of triethanola 
16 cc. of water and add to 
the liquid wax, stirring briskly. Re 
nove from the heat, add 2 cc. of iso- 
propyl myristate and continue stir- 
ring until cold. Compare the three 
cold creams and which 
like the most. 


mine in 


decide you 


Brushless Shaving Cream 

Of course, not all cosmetics are for 
the ladies! This time, melt the 
water bath a mixture of 14 grams 
stearic acid, 3.5 grams of propylene 


on 


? 


ble) 


g!ycol monostearate, 1 gram of an 
hydrous lanolin and 2 cc. of parafhn 
oil. To the melted mixture, add a 
solution of 1 cc. of triethanolamine 
dissolved in 76 cc. of water, stirring 
continually. After the ingredients are 
thoroughly blended, add 1 ce. of iso 
propyl palmitate and 2 cc. of glycer 
ine. Continue stirring until cool. 


Hair Oil 

Mix together 10 cc. of isopropyl 
palmitate, 25 cc. of castor oil, 15 cc. 
of olive oil, and 56 cc. of mineral oil. 
Lipstick 

Using the water bath, melt together 
20 grams of glyceryl monostearate, 2 
grams of carnauba wax, and 2 grams 
of “Vaseline.” To the melted mixture, 
stir in 18 cc. of castor oil followed by 
5 cc. of isopropyl myristate. Of course 
with lipstick color must be added as 
well as perfume. To the above mix 
ture is added 1 gram of eosin color 


acid and 2.5 grams of color lakes. 


Greaseless Cream 

If the above creams are too greasy 
for you, here is a simple non-greasy 
preparation. Place in the usual water 
bath 25 grams stearic acid, 2.5 grams 
sodium carbonate, 1.25 grams borax, 
40 cc. glycerine and 142 cc. water. 
Heat the mixture for about one half 
hour until thoroughly blended. Then 
add 7 grams of lanolin. Stir thorough 
ly and cool. 


Cleansing Liquid 

Dissolve 1 gram of soap in 100 ce. 
ot water. 

For a change, we need not issue 
the usual warning about being care 
ful not to spill the materials on your 
skin. In this case, all of the above 
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preparations are beneficial to the skin 
and you may use them without fear. 

It looks as though cosmetics are 
here to stay. Once considered a lux 
ury, they are now thought of as a 





said (not by 
me!) that women will stop buying 
food before they 


has been 


necessity. It 


stop buying cos 
metics. 


So be it! 


Chemistry Teacher Awards 


> EsraBLisHMENT of the 1961 College 
Chemistry Teacher Awards program, 
honoring six outstanding college 
teachers throughout the United States, 
has been announced by the Manufac 
turing Chemists’ Association. 

This is the year 
in which the national chemical indus 


fifth consecutive 


try trade association has made these 
awards. Purpose of the awards is to 
honor the men and women engaged 
in college science teaching, call pub 
lic attention to the importance of good 
science teaching at the undergraduate 
level, and inspire qualified students 
to choose careers in science teaching. 

The six medals and citations to be 
presented at the Association’s Annual 
Meeting June 8, 1961 at White Sul 
phur Springs, W. Va., will be ac 
companied by awards of $1,000 each. 
Two awards will be granted in each 
of the three regions into which the 
country has been divided in order to 
provide approximately the same num 
ber of accredited schools in each re 
gion. 

Region 1 is composed of the New 
England states, New York, Pennsyl 
Delaware, New 
and Michigan. Region 2 is made up 
of Maryland, Virginia, West Virginia, 
Kentucky, Tennessee, North Carolina, 
South Carolina, Florida, Puerto Rico, 


vania, Ohio, Jersey 


Georgia, Alabama, Mississippi, Louisi 
ana, Arkansas, Oklahoma and Texas. 
The remainder of the states comprise 
Region 3. 
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To be eligible tor nomination for 
one of the awards a teacher must have 
had at least 10 years service in un 
dergraduate teaching in chemistry, 
chemical engineering or other allied 
courses. The teacher must be nomin 
ated by the president of the college 
where he is teaching, providing it is 
an accredited college or university of 
fering four-year bachelor degrees. 
However, there is no minimum length 
of service required at the institution 
from which he is nominated. 


the 


evi 


In reviewing a nomination 
judges will consider convincing 
dence that the nominee has been per 
sonally responsible over a period of 
years for awakening in students a 
genuine interest in chemistry, for in 
spiring them to serious intellectual et 
fort in studying that field, and for 
developing that interest into a con 
tinuing dedication. 

The six outstanding teachers to re 
the 1960 MCA 
John De Vries, Calvin College, Grand 
Rapids, Mich.; 


ceive award were: 


Fuson, 
Urbana, Ill; 


Ben Harrison Peterson, Coe College, 


Reynold C. 
University of Illinois, 
Cedar Rapids, lowa; Francis O. Rice, 
Georgetown University, Washington, 
D. C.; Walter Hugo Stockmayer, 
Massachusetts Institute of Technolo 
gy, Cambridge, Mass.; and Moddie 
D. Taylor, Howard University, Wash 
ington, D. C. 


AICE Meeting 


Highlights from the December meeting of the 
American Institute of Chemical Engineers in Washington. 


Valuable Natural Resource 


> THE wortp’s most important na- 
tural resource, water, sells for about 
ten cents a ton but nearly 100 billion 
dollars will have to be spent by the 
United States to meet the 


for it in the next 20 years. 


demand 


Dr. A. L. Miller, director of the In 
terior Department’s Office of Saline 
at the 
Chemical En- 


Water, said this about water 
American Institute of 
gineers meeting. 

He reported that his office has 54 
different contracts with private indus 


try, universities and technical institu- 
tions dealing with the problems en 
countered in the conversion of saline 
water to fresh water. 

Forty million Americans are on the 
verge of a serious water shortage. The 
water supplies of 42% of the cities of 
the United States are considered in- 
adequate. Yet the oceans have an un- 
limited supply of water estimated at 
320 million cubic miles. Low-cost salt 
water conversion processes would pro 
vide an inexhaustible water supply. 


Freezing Salt Water with Gas 


> Fresn water for the exploding 
population of the earth can be pro 
duced from salt water by freezing 
with ordinary “cooking” gas at a 
cost of only 19 cents per 1,000 gal 
lons for the power and chemicals. 
George Karnofsky of the Blaw- 
Knox Company, Pittsburgh, Pa., re 
ported these figures ata symposium 
on saline water conversion at the 
American Institute of Chemical En 


gineers meeting. 
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Butane is used as a refrigerant and 
as a melting agent in the process. A 
pilot plant for further studies is now 
being built. Preliminary studies indi- 
cate that a plant with a ten-million 
gallon per day capacity can be built 
for $20,000,000. 

The salt water is frozen and melt 
ed with normal butane or isobutane 
in a closed cycle, providing direct 
contact between the butane and the 
water in both freezing and melting 
steps. 
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Vapor Reheat Removes Salt 


> A new process for the conversion gineers meeting. The heat given off 
of salt water to fresh water using the during the condensation of the evap 
vapor reheat principle was described orated water is used to heat the vari 
by D. F. Othmer, R. F. Benenati and ous stages as the pressure is progres 
G. C. Goulandris of the Polytechnic — sively lowered. This lowers the energy 
Institute, Brooklyn, N. Y., to the and equipment requirements for the 
American Institute of Chemical En- flash evaporation of sea water. 


Fuel Cell Research Pushed 


> Interest in use of fuel costs has cells convert chemical energy into 
reached a new high with more than _ electrical energy as the fuel is burned 
50 laboratories doing work on the in contact with the electrodes, which 
problem, Sidney J. Magram of the are separated by a suitable electrolyte. 
Army Research Office, Washington, Hydrogen is the best fuel and either 
predicted at the American Institute oxygen or air can be used as the 
of Chemical Engineers meeting. Fuel oxidizing agent. 


Nuclear Reactors for Plant Use 


> Nucrear reactors involving dan in Washington, showed that it is now 
gerously radioactive fuels can be safe feasible to operate organic-moderated 
ly operated with standard equipment 
normally used in the petroleum in- 
dustry, a three-year test has shown. 


The Organic Moderated Reactor Ex- : ee : 
periment, or O.M.R.E., N. J. Swan troleum industries. The maintenance 


and cooled power reactors with stand 
ard materials of construction and 
equipment commonplace to the pe 


son, Atomics International, Idaho © €quipment requires only the use of 


Falls, Idaho, reported to the Ameri- conventional tools and mechanics of 
can Institute of Chemical Engineers normal skills and abilities. 


Answers to CHEMISTRY QUIZ on page 34. 
A-5;B-4;C-2;D-3;E-1. 
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Science Talent Search 
Project Report 


The Inversion of Sucrose 


by Irvine J. SprrzBERG 





Hall High Sc hool, Little Rock, Arkansas 
Irving J. Spitzberg, 17, was a winner in the 19th Science 
Talent Search. He hopes to major in chemistry at university 


> WHEN sucrose is dissolved in water 
with an acid the following reaction 
takes place. 

Cy2H220;; + H,O + H > 
C,H, 20% -+ Cel 1, 20g + H 
This reaction is known as the “inver- 
sion of sucrose.” It is a classical study 
in chemical kinetics. There have been 
over 1000 papers written on this re- 

action in water. 

A study of kinetics is an investiga 
tion in reactions, rates and mechan 
isms. To complete a kinetic dossier 
of a reaction there are many funda 
mental elements to be considered. In 
this discussion only two such elements 


are investigated — the rate; the speed 
with which a reaction proceeds to 


equilibrium; and the order: the math- 
ematical power to which the concen 
tration of a substance is raised in a 
rate equation, representative of the 
collision and chemical activity of the 
substance. 


It was noted by this experimenter 
that the “inversion of sucrose” reac 
tion had, according to available data, 
been pursued only in a water solution. 
Due to the previous restricted pur 
suit, this investigation was launched 
to define the effect of water-alcohol 
solutions on the order of reaction and 
the specific velocity constant of the 
sucrose and acid reactants. 


40) 


with a view to becoming a research chemist. 





The data for this experiment was 
obtained through polarimetric analy- 
sis. This was possible because of the 
unique optical qualities of this reac- 
tion and the kinetic relationship be- 
tween concentration of solute and rate 
and order. 


General Procedure 


Solutions were prepared containing 
0% alcohol, 25% alcohol, 50% alcohol, 
and 75% alcohol mixed with water. 
Out of each of these solutions five 
combinations were made, three where 
the 3.1 normal hydrochloric acid was 
held constant, and three where the 
sucrose solution was held constant. 


The different were al- 
lowed to come to temperature equi- 
librium in a 20+.2 degree C water 
bath and then were analyzed in an 
0.C. Rudo polarimeter at intervals 
that were very carefully timed. Stand- 
ard polarimetric technique was adopt- 
ed. The polarimeter was carefully 
zeroed and each sample was analyzed 
three times using a millimeter 
polarimeter tube. The final result be 
ing an average of the three readings. 
Data were obtained from solutions of 
0% alcohol to 75% alcohol. Above the 
75% alcohol content it was found dif 
ficult to dissolve adequate amounts of 
sucrose. 


solutions 


ten 
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> Irvine J. Sprrzperc, Jr., with Ais science display, takes part in an exhibit 
held in Washington as a feature of the nineteenth annual Science Talent In 
stitute. Irving 1s one of the 40 Science Talent Search winners who were chosen 
from over 29,000 high school seniors throughout the country. 


Sucrose Specific Rotation 
In Experimental Solutions 

As will be explained later it was 
necessary to find the specific rotation 
of the sucrose in the various alcohol 
water solutions. The data for this de 
termination were found by preparing 
solutions ot varying sucrose concen 


tration in the various alcohol water 
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witha 


combinations, and taking initial timed 
readings of each sample. The sucrose 
used in this procedure was especially 
dried in a suitable oven at 110 de 
grees C, 
Basic Equation 

The basic equation on which this 


treatment is built is the general rate 
equation: 


4] 
















(A) R= 46, =A, 
At 
R = Rate 
C, = Concentration of sucrose 
t = Time 


The first object of this investiga- 
tion was to find the order of the su- 
crose reactant. This information was 
compiled by finding the concentration 
of sucrose through this equation: 


a, == O time polarimeter reading a, = 
gna = 
Op = Specific rotation 


The specific rotation used in this 
equation (B) was known for 0% al- 
cohol but for the 25%, 50%, and 75% 
alcohol solutions it was necessary to 
experimentally derive this value. The 
following relationships were used: 


(D) (1) asp = 100a, 


§ 


(2) g= gram S 100 


gram solution 


The concentration of 
then plotted against time. Slope read- 
ings (rate-R) were then taken and 
the logarithms of these slopes were 
then plotted against the logarithm of 
C. This procedure is justified by the 
derived equation: 

(C) 

For the 25% and 50% alcohol solu- 
tions the @ specific was plotted against 
sucrose concentration to find the de- 
sired values. For the 75% alcohol solu- 
tion the experimental data was incon- 


sucrose Was 


Constant 


log R = n log C, 


42 


Final polarimeter reading 1 = 





m P q 


Cy Cy*o Cron 
Constant 
K = Specific velocity constant 
Cy = Concentration of HCl 
a, m, p,q = Orders of reactants 
(B) C, = a (Qin mi ac) 
a, ar 
d = 1002,, 
| asp 


C, original 
tube length 


clusive; but the accurate sucrose con- 
centration values (g) were recorded 
and substituted directly into the equa- 
tion. 


The slope of the graph is the order 
(n) of the sucrose reactant in the par- 
ticular solvent. 


Order of HCl 

By general equation A, if the con- 
centration of sucrose is kept constant, 
the order of HCl can be found by 
plotting the log slope (Y) against the 
log Cy and measuring the slope of 
this graph. This method proved un- 
satisfactory, so instead I substituted 
the equation:* 

(E) 
I found t'4 by taking log C, and 
plotting it against time. Then I plot- 
ted log t'4 against log Cy and 
found the order from the slope. 


log t%4 = (ln) log Cue 


° Physical Chemistry E. A. Moelwyn - 
Hughes, Pergamon Press, N.W. Page 1090. 
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Specific Velocity Constant 

The specific velocity constants were 
found by using another form of the 
basic equation: (A) 


R 


K =. Hcl® C™ 


(F) 


This constant is expressed in min- 


utes |! moles ™ liters ”. 
Conclusion 
1. The order of the sucrose re- 


actant in the inversion process is one 
in all 
must be 


For this reason it 
concluded that alcohol has 
This con- 
clusion was drawn from log C,, log 
R graphs for all lines were found to 
have a slope of one. 


solutions. 


no effect on this reactant. 


2. The order of the HCl reactant 
in the inversion process is one in the 
0% alcohol Yet the order 
changes to two in the 25%, 50%. and 
75% alcohol solutions. This conclusion 
was drawn from the log Cyc / log 
tls slope. 


solution. 


Anti-Cancer Agent 


> Nirrocen mustard, an anti-cancer 
agent, decreases the antibiotic activity 
of penicillin. This finding may be a 
clue to why cancer patients receiving 


antibiotics may suddenly become more 


susceptible to infection. The test-tube 
experiments, conducted by Drs. Steph- 
an E. Ritzmann and William C. Le 

vin at the University of Texas Medi- 
cal Branch, also showed that nitrogen 
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3. The specific velocity constant 
in the 0%, 25%, 50%, and 75% alcohol 
solutions tends to increase drastically. 


Hypothetical 
Explanation of Results 
The fact that the sucrose reaction 

maintains an order of one is evidence 
that the sucrose - HCl-H2O reaction 
is proceeding unaffected materially by 
the addition of alcohol. That the or- 
der of the acid is changing to two, 
leads this experimenter to believe that 
in addition to the reaction 

Sucrose + Water = 

Fructose + Glucose 
that perhaps a new secondary reaction 
is taking place in the form: 

Sucrose + E,OH = 
- E,OH 


Glucose + Fructose 
and/or 
Fructose + Glucose - E,OH 


Because of this additional reaction the 
HCl is required to assume the order 
of two. 


Inhibits Penicillin 


mustard did not alter the antibiotic 
activity of erythromycin or of chlor 
tetracycline (aureomycin). The reason 
for the difference is not known, but 
one theory, suggested by the research 
ers in Texas Reports on Biology and 
Medicine, is that nitrogen mustard 
may interfere with the carboxyl group 
of penicillin, a group not present in 
the other two antibiotics. 


43 








Ten Top Science Advances 


> THt TEN Top science advances in 
1960 as selected by Dr. Watson Da 
vis, director of Science Service, are: 

|. Repeated successful launchings 
of U.S. satellites that view the earth 
for weather and other information, 
repeat radio messages and perform 
other functions, together with safely 
bringing back to earth satellite cap 
sules designed for carrying human 
space travelers. 

2. Photography with 200-inch tele- 
scope of galaxies (like our Milky 
Way) six billion light years away. 

3. The hybridizing of turkey and 
chicken, first cross between two fam 
ilies of birds. 

4. Discovery of chemical predeces 
sors of living matter in stony meteor 
ites from outer space, indicating life 
could exist elsewhere in the universe. 


Rocket Fuel 


> Tue vieuw rocket fuel, hydrazine, 
can now be produced for less than 
half the present price. 

Aerojet-General Corporation, Azu- 
sa, Calif., reported at the American 
Rocket Society meeting that a nuclear 
reactor can produce hydrazine from 
ammonia at about 25¢ per pound. 
The process is being developed for 
the U. S. Air Air Material 
Command. 


Force 


Uranium-235, suspended in am- 
monia, is used for the hydrazine pro- 
duction reactor. Fission fragments of 


break 


some 


mole- 
recombine 


uranium up ammonia 
which 


form stable hydrazine. 


cules, ol to 
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5. Approval for use of the Sabin 
live oral vaccine for polio. 

6. The high altitude Project Excel- 
sior balloon flight and parachute jump 
which set new world records, and 
demonstrated man’s capacity to with 
stand exposure to conditions of outer 
space. 

7. Brain waves picked up from 
single nerve cells. 

8. Device, called an optical maser, 
developed for amplifying light that 
promises to be useful in space and 
other communication, television, as- 
tronomical photography and medical 
diagnosis. 

9. The inauguration of a radio tele- 
scope watch for signals from outer 
space from intelligent beings on plan- 
ets in other stellar systems. 

10. A synthetic steroid pill contra- 
ceptive placed on sale by prescription. 


at Half Price 


Circulation is continuous with the 
stream becoming. subcritical 
the reactor. A yield of one 
molecule of hydrazine per 100 elect 
ron volts will produce an economical 
plant. 


as it 
leaves 


Experiments have exceeded this 
yield. Ammonia, hydrazine and uran 
ium are drawn out the reactor 
stream. A cyclone separator removes 
the uranium-235 and feeds it back in 
to the reactor. Hydrazine and am- 
monia are drawn off for additional 
processing, and then separated. 


ol 


Fission fragments are removed and 
the ammonia is fed back into the re- 
actor. 


CHEMISTRY 


ic 
th 
cl 
n¢ 
in 


p! 
pl 
by 


Xuh 


abin 


xcel- 
imp 
and 
vith 


uter 
rom 


iser, 

that 

and 
as 


lical 


tele- 
uter 
lan- 


itra- 
10n. 


the 
Ss it 
one 
lect 
vical 


this 
ran 
ictor 
oves 
cin 
am 
onal 


and 
re 


STRY 


Scientists in Campaign 


by Livvian Levy 


> Never HAVE scientists been so polit 
ically prominent and dominant as in 
the Presidential campaign just con 
cluded. But their political actions were 
not motivated entirely by scientific 
interests. 

Considerations of detense, the prob 
lem of arms control, international 
prestige, the desire to participate in 
public affairs as an integrated mem- 
ber of the community, and _ personal 
friendship were some of the reasons 
behind the wholesale exodus of this 
professional group from their tradi 
tional ivy-tower isolation. And a large 
number of the country’s leading sci 
entists lent their support to Presi 
dent-elect John F. Kennedy. 


Dr. Kusch 

Dr. Polykarp Kusch, 1955 Nobel 
Prize winner in physics and a pro 
fessor at Columbia University, told 
Science Service that his political par 
ticipation was motivated by partisan 
considerations. However he function 
ed in the Democratic party “primarily 
as a scientist.” 

“During the past year,” he said, 
“I have been a member of the Demo- 
cratic Advisory Committee on Science 
and Technology, working on national 
goals for scientific research and 
achievement together with other 
members of the Committee.” 

Dr. Kusch said it was “inconcet\ 
able” that a first-rate scientist, Repub 
lican in his convictions, would be set. 
ting such goals under a Democratic 
party label. 


“Suppose a man of religion wanted 
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to make an impact on the religious 
life of the nation. Wouldn't he choose 
to make that impact through the re 
ligion of his personal conviction rath 
er than another,” the physicist said 
by way of illustration, adding that 
logically the same would hold true 
for a man of science. 


Dr. Wiesner 

Dr. Jerome B. Wiesner, a member 
of President Eisenhower's Science Ad 
visory Committee, is a long-time per 
sonal friend of the President-elect. A 
physicist, Dr. Wiesner is an expert on 
radiation research at Massachusetts 
Institute of Technology. 

It is no secret that the President 
elect has long considered Dr. Wiesner 
his “top adviser” on nuclear aspects 
of defense and arms control. These 
are areas in which the physicst also 
has worked with President Eisenhow 
er, for whom Dr. Wiesner has the 
“highest regard and deepest respect.” 

However, Dr. Wiesner said in an 
interview, he is convinced that the 
solution of these major problems ot 
defense and arms control may be 
achieved more swiftly under Demo 
cratic leadership. 


Dr. Bethe 

Dr. Hans Bethe of Cornell, another 
former member of President Eisen 
hower’s Science Advisory Committee 
who actively supported the election 
of Senator Kennedy, takes the posi 
tion that the questions of arms, de 
fense and nuclear control are “issues 
that go across party lines.” 








“IT find President Eisenhower closer 
to Senator Kennedy on these matters 
than are some Democrats,” he said. 

Dr. Bethe sides with the Demo- 
crats because “on the whole” he be- 
lieves that such goals as a workable 
agreement for nuclear test ban and 
the peaceful development of atomic 
power are shared by more Demo- 
crats. He is in favor of nuclear test- 
ing only to improve detection capabil- 
ity and is strongly opposed to further 
testing for the improvement of wea- 
pons. 


Dr. Kantrowitz 

Dr. Arthur Kantrowitz of AVCO 
Research Corporation, Everett, Mass., 
and a consultant to the Administra- 
tion on space technology, believes that 
the more competitive spirit “as evi- 
denced in this campaign by the Dem- 
ocrats under Senator Kennedy is what 
we need to advance us across the 
board in all areas — industry, health, 
education, as well as science — so 
that we may gain back international 
prestige lost to the Russians.” 


Dr. Urey 

Dr. Harold C. Urey, physicist at 
Scripps Institution of Oceanography, 
La Jolla, Calif., and Nobel Prize Win- 
ner, who has worked the 
Democratic Science Advisory Com- 
mittee, said his efforts in science cer- 
tainly are not colored by partisan 
considerations. Atom space 
search are of special interest to him, 
but as a politically active citizen he is 


also on 


and re- 


interested in much broader problems 
than these areas of science, such as 
greater industrial development, edu- 
cation in general “not just for sci- 
ence,’ and looks to advances under 
the Democrats in these broad areas. 

“I hold myself ready to help Presi- 
dent-elect Kennedy, whom I admire 
very much,” Dr. Urey said. 


Dr. Kaplan 

Dr. Joseph Kaplan, head of the 
physics department at the University 
of California at Los Angeles, has been 
among the scientists most consulted 
by Vice-President Nixon. 

The geophysicist said, “The Vice- 
President was in contact with me all 
through the IGY. I know he is aware 
that I am a registered Democrat.” 

Dr. Kaplan stressed the fact that 
his scientific advice to the Vice-Presi- 
dent was limited to areas of science 
in his special competence. 

The Vice-President may not have 
received Dr. Kaplan’s vote for the 
Presidency, but he gets the scientist’s 
wholehearted endorsement as an in- 
telligent listener “unusually respon- 
sive to people and information.” 

“If he ever took elementary physics 
from me, I would expect him to make 
an A in the course,” the University of 
California physicist said. 

The high hopes and expectations 
of these and other leading scientists 
for national advances under his lead- 
ership present the country’s youngest 
President-elect with a challenge he is 
eager to meet. 
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FREE — Miniature chemicai elements chart listing 102 elements in Eng 


lish, French, German, Russian; physical constants, discovery, occurrence, 


preparation, uses. 


— Send stamped, self-addressed envelope to 315, South Lancaster, Mass. — 
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HaNbBOoK OF FILTRATION — Eaton- 
Dikeman Co., 124 p., illus., $2.50. 
Data on paper filtration for chemistry 
student, laboratory technician and 
process engineer. 


Mopvern HicH ScHoot CHEMIsTRY: 
A Recommended Course of Study — 
Edward F. Pierce — Teachers Col- 
lege, 109 p., paper; $1.50. To meet 
the needs of classes in senior high 
schools of the comprehensive type. 


Caratysis, Vol. VII: Oxidation, 
Hydration, Dehydration and Crack- 
ing Catalysts — Paul H. Emmett, 
Ed. — Reinhold, 378 p., $13.50. Ref- 
erence source on physical chemistry of 
catalysis and catalytic processing. Fin 
al volume of series. 


SmitH’s Cottece CHEMISTRY — 
William F. Ehret — Appleton, 7th 
ed., 960 p., illus., $7.75. Authoritative 
treatment of fundamental principles 
of chemistry, reorganized and largely 
rewritten. 


ELEMENTS OF GENERAL CHEMISTRY 
— Jay A. Young — Prentice-Hall, 
466 p., illus., $6.95. Aims at giving 
the student understanding of the 
properties of typical elements and 
compounds. 


THe DETERMINATION OF MOLEcU- 
Lak StructurRE — P. J. Wheatley — 
Oxford Univ. Press, 263 p., illus., 
$5.60. Introduction to spectroscopic 
methods, electron and X-ray diffrac- 
tion, dipole moments and _ nuclear 
magnetic resonance. 
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PotyresTER Resins — John R. Law 
rence — Reinhold, 251 p., illus., $5.75. 
Chemistry and applications of unsat 
urated polyester resins, widely em 
ployed in reinforced plastics. 


MAaGNEsIUM AND Its ALLoys — C. 
Sheldon Roberts — Wiley, 230 p.. 
illus., $9. Reference work of value to 
chemists, physicists, metallurgists and 
engineers. 


Atoms, Motecues, AND CHEMICAL 
CuHance — Ernest Grunwald and 
Russell K. Johnsen — Prentice-Hall, 
252 illus., $6. I luctory text f 
=< p., lus., 96. Introductory text for 
non-science majors, emphasizes struc- 
ture of matter and the chemical con 
sequences of that structure. 


X-Ray SpEcTROCHEMICAL ANALYsIS 
— L. S. Birks — Interscience, 137 p., 
illus., $5.75. Up-to-date material on 
excitation, dispersion, detection, quan 
titative analysis of techniques, and the 
electron probe microanalyzer. 


AMERICAN INDUsTRY IN EUROPE — 
Hugo Uyterhoeven with Richard F. 
Messing and Duane M. Feeley — 4r- 
thur D. Little, 98 p., color graphs, $3. 
Report on the Arden House Confer 
ence on the European Common Mar- 
ket and the American chemical indus 
try. 

PeTROLEUM SourceBook 1959: A 
Regional Bibliography of Petroleum 
Information — Curtis Stevens, Ed. — 
Nat. Petroleum Bibliography, 234 p., 
paper, $7.50. Worldwide directory of 
information sources classified by coun 
try, region and state. 
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Interesting facts in the chemical world. 


> Calcium is needed at every age for 
upkeep of and 
tioning of and 
cluding the action of 


bones normal func 


nerves muscles, in 


the heart. 


> Coating the edges of a drawer and 
runway with paraffin, wax or powder 
ed graphite may prevent sticking. 


> To remove rough and sticky spots 
from an iron, run it hot over a piece 
of paper or cloth sprinkled with salt. 


> Steel wire woven into cloth much 
finer than the finest weave for ladies’ 
hosiery is used for industrial filters. 


> Onion odors and fruit stains can 
be removed from hands by rubbing 
them with a piece of lemon dipped in 


salt. 


> A solution of salt and turpentine 
can often remove yellow 
a lavatory or bathtub. 


stains trom 


> Steel surface coverings for high 
speed military aircraft are being made 
six thousandths of inch thick, 
about twice the diameter of a human 
hair. 


an 


> The U.S. currently uses about 75% 
of its fuels in fluid form, and about 
10% of this amount is imported. 


> Evaporation of water on the sea 
surface and the eventual precipitation 
of the Vapor follow a complete cycle 
that sustains life on the earth. 


> Residents of the U. S. are expected 
to use over four times as much coal 


and oil for energy in the year 2000 
as they used in 1958, 


+§ 


> World coal and oil consumption in 
the year 2000 will be over five times 
the consumption in 1958. 


> Modern-day plastic balloons, made 
ot material 
hair, have 


thinner than a 
reached 126,000 feet 
above 99.6% of the earth’s atmosphere. 


human 


> A collection of meteorites from 
nearly half the 1,600 falls known to 
science, representing the fourth larg 
est collection of its kind in the world, 
has been acquired by the University 
ot Arizona. 

> The electron, the particle 
which the industry of electronics is 
based, weighs only 1/1846 as much 
as a hydrogen atom, the lightest atom 
known to science. 


upon 


> The Great Lakes are the world’s 
largest source of drinking water. 


> Peaches are good sources of Vita 
min A, contain small amounts of vi 


tamins B and C and various minerals. 


> The fuel 
continental 


consumed by an 
ballistic missile in one 
minute could run an automobile for 
the next thirty years. 


inter 


> The first plastic sanitary sewer 
main in the U. S. was installed re 
cently in Needham, Mass., where they 


are also using plastic for storm sewers. 


> Rush and wicker chair seats can be 
improved by coats of shellac sprayed 


from an aerosol can. 
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on in THE CHEMICAL ELEMENTS 


times 

by Helen Miles Davis 
nai Revisions by Dr. Glenn T. Seaborg, Nobel Prize Winner 
eee THE THRILLING STORY OF MAN’S 
phere. DISCOVERY OF THE BUILDING BLOCKS 
— OF THE PHYSICAL UNIVERSE .. . 
wn to . . . 
larg Completely up-to-date, fully indexed, invaluable for reter- 
world, ence. An essential, highly readable handbook for every 
versity student, teacher, professional chemist! This handbook may 


be purchased with funds under Title 3 of the National De- 
ae fense Education Act. 
} on 
MICS 1S This is the authoritative story of their discovery and all that is 
known of their construction, so simply told that anyone may under- 
t atom stand it. 
The fascinating array of the building blocks of matter is fully 
covered from H for hydrogen to those elements discovered in the 
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vorld’s atomic era, numbered 93 to 102. And the story of each element, its 
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4 acteristic compounds, and place in periodic tables appears here in a 
t \ ita clear and readily understandable form. 
» OF V1 
inerals, | oe ee ee ee er ee ee ew ew eee eee 


oe SCIENCE SERVICE — 1719 N St., N.W. — Washington 6, D. C. 


x one Send me copies of “The Chemical Elements” at the rate of 
mle for ‘a . oe . 
10 or more at 50 cents each, less than 10 copies 55 cents each, postpaid. 


sewe ( $ enclosed ( ) Bill me 
lled re 
‘re they Name 
sewers. 
Address 
-can be 


sprayed City, Zone, State 


EMISTRY 





eT 


rer eT Te 
;~ yy — Ty” 
tf -— ? wn rrT 


pT 


rere 








Ds 


. SN 


rg 





4 
; 
. 





